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tWiTC !• 

^^^-^sunaiiEvra 

‘l-o «PpI^,.or“r7 J«b «t}, ,L 

originj ®°;®«>mpLctfed fl! ^'•^‘^«‘t«fIi.lV^® “““««• 

‘“"«i«ii7p"»' .,,1, ,1,. '” <‘ 

' S„t-' » .w. 


"‘ •£* . S:-"";- '‘.Sit .^- • ■>"C.;'“*!‘ «' 

the tSV 

■?t ‘7 inu3t be ^'Peated— in .i! ***® measure .»*? 

'• “'“'?P'«t I M ' “ •■''■» 



MLUlAMto ( 

TU r-iri. «. I. e-w i:,'S^ 

topcrly cln«cn omts. T « leUtinn to tbem o 

M. .11 olbst! ’'“""I “ f „ e.lled »t. .loolot" ■T'” 

cm.-Eio.-sM (C10'S>'J“"^ . , „[ , BMte, th« lottn bei 

Tk« c.ntmrtt. u the iJath ^it M . b.t, ptoe” 
M..d .thtoflj » the lees-b ” * “7” I " 

m P.ti., when its tempet.i™ o “t" “ ° 5 , It U the m 
The met™ sUik!»i|1 o' it .ss ioteeJe^ 

„I a piee. ol plattam kept m 1^“'“' ' bj beieg ” 

be coaoeeted trilh the „ a tempetsto' 

„a„ oi a cubio decim.t.e 'cl <!»>« «.to • 

*• Ceotigtad. ; sow it is deSsed ..b.tr«ily ss «!»’ 

Thegtami3T^tliota“°Sf®°‘' , and ia tbs r:h3*^ ' 

• Tbs unit o! time is the v«iweeiJin«es 

oitbemesnsolarday. Taiious reMoM 

trawits of tbo sun across the nict iam ^ ^ ^ j 

' iatcrval is not constant, so an ajetage ^ 

■ and tbis U called the mean *<•“«?•... . ..m by engia 

la ,h. British system ol amts. t.b»h » still y 
the tmits eotiespoodms to ‘be centim ^ P ^ p,,n ai 

the loot, poaod aad seeoad. W. shall rete to sms 

FJ.S. system. ; known 

Co-ordlnates.-Tbc position ol a point on a pl^ 
perpendicular disUncea from two bn« ^ c the ^ 

ate given. Thus in Fig. i* the !m« OX OY ^ p] 

axes, O the origin, and the posiUoM ol P u 0! 

PM or OM and ON are given. OM « tUco-ordi 

ordinate of P. and the two t^el^t «V'!7r« Site point (2. ^ 
11 OM = 2 and ON = 3 nnils, P u referred to as tte ^ 
ab*el«sa being Written Brat. If t?'® ornate is »= 

ol OY it b taken as negative; ^/aref' 

«ben drawn below OX. TUin the co-ordinates ol tri 

?frt(-2,-3).anaofP,t2.-3). 

■ y'' X A denmetr* u Atb of a metro, I „„"oeaiU- 

•oCows thal a Utm of wsWr at** Cent weighs 1000 gms. very 
•TlllDU. tiacli-3-«Q0etns., lJt--l530WogtatW- 


the radian. li the ri^t angle XOY ol Kg. 1* is divided into 90 
equal parts, each is called a degree. The degree is further divided 
into 60 minutes, and each mintite into 60 seconds Nine degrees, 
eis minutes, twelve seconds is mitten V &' 13*. The radian 
defined as the angle auht ended at the centre of & nrcle an arc pi 
length equal to the radius. Thus in Fig. 3* if arc PS ~ OX.^tht 
4 d = 1 radian, The nnml*r of radians in L P'OX, called ite 
cLcculat measure, is found by dividing the arc P'X hy the radius 
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cl the eiicU ; and generally, if 9 is the circular measure oJ ai 
angle, 6 »> atc/tadius. 

If r is the length of the radius of a circle and C the ciicumletenct 
It can ho proved that C/r is the same tor aU circles. This ratio i 
denoted bySjr; hence C/r = 2jr, or C^Jjrr.* 

The value ol » is 31416 w 22/1 very nearly. In Kt» 2* arc XPl 
«• C/4 «a rr/2, 

j radians s= 1 n. 

2 

ind . ltadian=- rt. i.t«a67*-235S. 

If an angle eontaiw e raduns and i degrws. then, expressin 
!acb as a frattmn of 2 tt. £.s, 

* -i- 

’Uis Uaconvcnienlequationtoconvert from one sr.i>—" ■' 

* Thft foUonrino 



Ur. .(* .. > 

T*'* f' ■' -i-U ,»»»<•»—.« f 1-r 

!*•*•■» yj..— ••-. «'>=< f*"*' 

.«■ U ,n 1 -^;. W-, ,.•• f • »V-^ 

C*r,.t <f*r:y «4 ■nf« • «>*-.-« - -./-f »«: rr^”' 

i.| «*.•« T>. r,..U— »4»J n. «-»'■« 

ffl'trK -.... •n.Hl'n* »P.MS« flS-'t mV-s *rr tf,« f.f .• 

f*»rt tf.l tti* »?i» w i'» M 

rri CT<i .•.^ <(' O << ) •r<t«r^ ^ 

7 ^• f. tS. jJ.ffc rf • ff-'f*. M'- 

M "f ♦ /.T«..n ft.* ti t-n b-.f. 

in r«rfc«. I?* f»n}-«ritf!f# m •ftj* •'/e-.«f'i'’f 

n* itiMir.i «{ U l>I-r*.-i. l! >!» IV r.> 

o( » ri»f« r7 r1*MP.'w k»7» tn r*r.< •h'i'ft.'iKy »** 
be conn*<»f’J •iih »h» »•! l»e^K bj ’ 

tn»«i <it k etiKv • •>! *«r»r »t • f«"rf"T»tof» 

i* Cfhligra'l* . Mil* i! t* erbivatit/ m 

Tbe pkni •' ■'I * k»l” 5 ram 

Tlic uRii ol lime Lf tt)« fflrjn inUr»t^otJ, «Ar! r* 

ol tbe mean loUr *U/ Tli* •••lit 1U7 «« th* prrvA between 
ttaaaiti of tbe *un *at»» the m^rKltan fof eafirat fewoft* S‘ 
inlecval li not constant, $0 an ATrrai^e it taken oTef k whole 7 ^ 
ksd tliu M called tbe mean eoUr «Uy ' 

lb the l}nlL*h eystem ol unite, which u atiU osei! bj 
the units cortcsponding to the centimetre, grata am! »eeo»I * 
the foot, poubd and second. tV* shall refer to ttus iTttem si ^ 
F.r£. system. 

Co-ordinates. — The posiiioa of • point on a plan* w knom 
perpendicular distances from two lines at right angles to coeh et- 
are given. Thus in Fig. !• the lines OX, OV are eaBed theX*^ 

Y axes, O the origin, and tbe positiobs ol P is known when P>i * 
FAI or Oil and OK are given. Oil is called (he abscua, OK * 
ordinate of F, and the two together are relerred to as the co-ordica* 

If 051 =s 2 and OK == 3 nnits, P w referred to as tbe point (2, 3b* 
abscissa being Written first. If the abscissa is drawn to the ^ 
of OY it is taken as negative; aimilazly the ordinate is n^'- 
when drawn below OX, Thus the co-ordinates of P^ are (— 2> 

, oiF*(-2, -3),andofF,(2, — 3). 

- I A decioietrs is t'oth of « metie j 1 eub. deeim. •> ; ijt^ go- < 

It follows that a litre of “ *’ w*ig*“ lOW fnw. *rfj neaijr. A 1 

, .3l-;0 pints 5 1 inch^S'MOO _ ‘kiki^Ba.^ 


oi angle are in common ur c.^lie degree and 
the radian. It the right angle XOY oi Kg. 3* ia divided into W 
equal parts, each u called a degree. The degree b iurthef ^vided 
into CO minutes, and each suonte into CO seconds. Nine degrees, 
six taaiute?, fTraWa » sniitttft 3* & I"*. Tha ra^n s» 

defined as the angle luhtcnded at the ccolte cl a circle by an arc ot 
length equal to the radius. Thua in Fig. 2* i£ ere PX <=» QX^ the 
t Btsl radian. Tlie aui^r ol ladiaiu in L P'OX, called its 
circular measure, is found by dividing the arc IP'X by the radius 
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I el Iho circle; sad groerally, U 9 is the citcukt mcasutc of as 
' angle, C«»arc/raJiuJ. , 

r If r is the length of the radiu* of* circle and 0 Iho eircnmlctencc, 
It can be proved tint C/» a the same lot all cikIos. Tbitraiiou 
f denoted by 5« s henceC/t«»2«,otC«»S»r.* 
j. Tli«V4lunoltris3l4lCot22/7TCTyttca»fy. InFic 3‘areXPY 
, “C/|.-ir/2. 

* , 

I .*• j tadunsu* I rt. i 

’ end • i»»d«»«-rt 

' w 

> 11 an ancle cotiiaioa e radians attd «f drgrete, then, *XT>Tfas!i;s 

. each a« a IraitV.n <if3rt. i». 

« ^ 

*r**l>J , 

This b a coBcrnifhi eqtiati(.|) toconrert Icota < n* anittnio «!.t oifcr?. 

, » th» rfH.oVJ V. :-*>€«< a orO.-vp'^ 

««r.*.»c( «»■;«>«« ntsua. ctaaMbn •• |*i^. 




n*;‘* n-'r' 
0 »t r.xrr 
rrl 


.;U r.r. I- rani-1 


„!!,.| «,,wi «!HU. S-k . irnn » "XI,, ft ,„k«' 

pt «M1. Til* firdjr^RUl tb'*««“’ 

nr I'rrb f’-'” •'«* ■"'* r ' J,.m ii ttkTTt<i to I 

«hn jr«n sR'l il** 

ftn cm »«■ (COS)»pl*m. . * Kfffp, tb« Uttiff 

Thn r»ntiw!r» i* tb* ih’b „l,tin-jm bar, p« 

,I,Sr.r,l .,k,l..„l, ra tb. IbWk “' • i„. 

in r..i., .bra in imrn.int, u , f,,. It 

The metric atatularJ n'*’^ *’ ‘ it vas 

of « rio« o( k*ri •» *’*«*; ^|L *■ 

1*0 eimnecteil triih the ,t /ten 

«t » cubic d«imc:r* ‘ of dvtia<6 J 

4* ContipftiJe ; no» it b defioeU Mbimnlj « 

The firata b nVjtb of » kilogram. 

The unit of bmo « the mean *oI«r ie«Dd.a^» » 

ofthemeanioUrtUy. TheeoUr»l»J**^be^ -nrioai J 
trnneilA of the sua across the meridun- to 
intMval b not cowtant, so ao average a tmn o 

and thUb called the mean folaf day. b' 

In the Britbh avstetn of onits, which u _ ,* 


In Fig. 3* (b) let L make L TOJl = 

d draw PH. FJl' 1 OX, Theo FiP = PM. 

d <lP05r«2rt.^.8-^ = :r- 

^ P3i rar . . 
,0 sin(>r-e)=^ " 




OP "OP' 
OM 


-Oil' 


L'j OM is taken pObitive, Oil', dravn in tke opposite direction, 
?gative.) For example, sin 120'“ =»ein (180® — 00°) =» ein C0°. 

In Fig a* let 6 be a very small angle ; then both P and M a 
ear X, and are PX »= acmi-cliord PM very neatly. Hence for gttu 
alaea of 6 we may pat 8 »* PM/OP which «« frequently useluL ! 
kecitcuroatancca ain 8 « PM/OP «= tf.and ton8»PM/0JI = PM/0 
teoily) « 8- 

When P coincidea with X. 8 «a0 ; aUo PM *»0, and M coincid 
rith X. Hence 

sin 0* « PM/OP « O/OP = 0. 
cos 0® » OM/OP « OX/OP « I. 

SimilarW (Fig. 2*) when d.P'OX=a90®, F eoincides with 
P’M‘-0F and 0M'«0. 


and 


•.*iD90° 
cos 90® 


FM' 

“of 

0£ 

“of 


OF 

"of 

=°0. 


h 


1b Fig. 4* (a) let LC<=45®, then d-A w45*U Bwaright ang 
and CC *= AB. Also AC* = AB* + RCS . hence il AB = BO - 



(A) t6> 

P» 4» 


AC *nd from the AABC the trisonomesr;.— i — 
can be found at o"— « - 



ExAMPLe — Kind the number of rsdisiu in 120*. 

- = whence, putting in Iho »»lnu of », e = 2 09 tB'Vunx 

Trigonometrical ratios.— A few malts from trigonometry an 
iverted hen* for future reference Let n revolving line OF star 
om OX (Fig. 3*) and sneep out the L XOP. Draw I’JI X OX 
reduced if necessary ns m (li). Let X XOP — O] OP is the hypo 
onuac of tlic A POII. Then we have the following definitions : 

„ PM side opposite the ande . . 

Bine ^ (written sin ff), 

- OM Bide Adjacent to ancle 

— 4s — ^ 

l.nscnt a , "PI”''" ( „ ua»). 

O.M Hide adjacent to angle 

In Fig. 3* (6) if OM' is talco positive OM must he negative, au' 




IS 0). 


Fio. 3*. 




rfee vfT/a The values of these ratios for all angles up to 00* havi 
X'en tahulatod. 

<i“op • op"'om“‘‘^“®‘ 

Hence when am S and cos 9 are known, tan 9 can be ealcuhiteX 
PM2 . OM* Pil* + OM* , 

OF*'*‘oi**“ or* 


Note that 


Al*o tin* 5 + e< 


The three interior angles of a triangle =*» 2 rt. L #. 

(Kig 3* (o)) 10 + 1 OPM = 1 rt. X - J 
AOPM-^-P, 

*!>' (|- “ »>n OPM .w OM/OP - c..h 0. 

'•J r'-A' ^ u SKI 9. 


(Fuclid 1. 47.) 


In Fig. 3* {1) kt L P'OM'=fl ; make C FOil = fl, OP' « O 
and draw Kl, F Jl' J. OX. Then FBI' = P3I, 
and L POM' ==2rt. 46-0««--0. 

, „ oM -ojr_ 

coilw 


= ^io Q, 


(As OM y 'aken pcmviftt, OM', dratfn in ihe oppooite djieetioL, i 
nrg itivo.) Tor csample, tin 120* =» sin (ISO” - 60*) « sin 60°. 

In I'lg 2* k^, 0 I>c a ^eiy sinaH angk; then both P anil M an 
near X, and ore PX » semi-chord P3I rcry nearly. Hence for amal. 
NaluM of we may pnl 6 *=» PMfOl* whkh is Cte<inently nsclul. Ib 
liVecireufnsUnccs iind =!'P31/OP«=ff,and fan SaPJl^OM =3p3I/OX 
(nisatly) «= fl. 

When P co'iocidM with X, 6 «* 0 ; also PM 0, and J1 coioeiJes 
nithX. Ucnco 

sin 0*-PiI/OP* 0/OP *0. 
cos O' - OM/OP - OX/OP = 1 . 

Kinvilarfy {Fig. 2*) wh»n 4P'OX»0O*, F coincides with Y, 
F>I’«0F4nd03P-0. 


and 


•. tin fO* 1 
eosW 


FM' ^OF 

‘of “of 

O.M' 

'of' 


5-0. 


1 . 


In VIr 4»(-j)kt Z.C — 15*. then 4.A h t'i'if R Wn riclil angl 
an<l nC « AB. Abo AC* - AD* -f RC* ; hence if AB « DC « 



AC — Vs. and Iron tite ^.ABC the tricoBeimetneal ravwas fv.r t 
rw l>e found at mee. lu (h) lei ARC l-r an eqmUteral trun# 





ad AD b0 J. no. Then il C = CO®, nnd Z CAD « SO®. Also H 
D = 1,AC = 2: and, as AC* = CD® 4- AD2, AD = ys. fience 
11 the sides of A ACD are known, and therefore the frigooia- 
letrical ratios for 30® and 60®. The student should calculate the 
kt:o3 for 120°, 133® and ICO® from the formulas sin (rr — 
n (180® — 6) = sin d, tee., by putting 6 = CO®, 4C* and 30* I® 
iccession. The results for bid d and cos 0 are here tabulated. 



0® 

30® 

45“ 

CO® 

90® 

sin 

0 

1 

¥ 

V1» 

V3 

1 

cos 

1 


^2 

1 

'2 

0 


iM l/n 


The Vernier. — It scarcely erer happens in practice that a length 
s be ineMured h equal to an exact number of divisions on the 
im<UTing scale. The vernier is a device which enables a fraction 
f a division to be estimated with accuracy, and It nppb’ea equally 
j welt to circular scales. Fig. 5* tepre* 

o ^ ^ * "fough model of a callipef 

Range; Q is the scale, and the part 

- t V attached to the movable jaw B b 

the vernier. The reros of the two 
scales coincide when the jaws A, B 
Fxx Cftogi. are in contact, so that the position 

ot the vernier aero givea the length 
f the body P between the Jaws, In the Fig 10 vernier diviiioni 
re equtl to 9 scale divisions, hence 1 v. div. n scale div., 
tl the difTiwence Iwtween a vernier end srale iliviiion U r^th 
f a icsta ibndon. It Is seen that 7 on the vernier coincides with 
s^'a.e divf i«n ; hence 6 on the vernier Is ^th division to the 
, V* '’^"r'Jv.d.ns scale division, number 5 is ftth to the 
tjTtt t! ih« CAit etslii <^vi.ion, an J so on, until we re.scb the vernier 
.f>. wU .. M |.» b., -7 of a scaledin-hn to the right of number 

• * " • *^»l« «l,vL.ion the reouitrd 


r» e.njsl t'» (s 


, , . - division the requited 

Aad r-nrrall/. If n dicbioM on the 
- »J the It „j, u ss.n, by „nulsr 


'“'t it ...bfe Jr,“r vtd i. . 1 . 

'. i 


The M, «a to read. ••’‘“'er. 'i'ld is th 

The Mlcromeler 5ere*_a« i 

nut gsoge Thu “Ppl’icafioa 

■* “ T ana g are in ci 




tl. _ S~.c..~ 

tl. ,„k s"v2 S.?™'" “=' ”«'« A LI l“T 

00 divisions. IJ ' ® ' ‘ t w the cittuld, k a 

”»• >t.k A gLJ ,L“'",”' pittv ; ' '’"'"’"i i' 

receding case. ^On. a- of coniplctn rsiLi,! * 

^•“Ssssgfii 


i.'/ 



EXAMPLES OS CKAPTEB 1' 


' I, Find 1l>« nnniU-T of ndisiA in 3D*, 90*. 130*. 

2 CaKnljfp thf Unsrata of 120", ISO*. 30". 

3. A baroiBt b'r ac-jL m gradoatni m mou , un) 20 i-i rnirr dit laioi 
19 kaI: diTOton* To vih»t fnetioa of o mro c#ti it bo »»d ? 

4 Tfir cinolac tonic of n cjKOltOfnftcr 14 graduated m half dcgreca, 
remicr dn-uioni corrcfpotM) to 29 fcalo eBriHona. H'hst u (hn leatC i 
iftVaSRx. tJ.s*A. <».o. I* t^vi 00 tbft wiatm«enA t 

5 A micTceoopB acah >» dinded into haU ram* ; nbat Lind of renii' 
enable one to read to 4)1 mm 1 

9. Tkc circaUriKatcdlTWiaMof* polanmeter ate eaeb. equal to om qi 
of a degree, and 23 divtaions on tbe etmier tie equal to 24 oa tbs scats, 
(raeum of a degree can bo read 00 this instiuiiKM f 




"^y. It nay be positWe or negatWe ; io the latter case it is 
imes celled a Tetudatton. NVhea the velocity changes by the 
amount every second the occeWration is said to be constant, 
t is measured by the increasa b velocity per second. A body 
nit acceleration, in the dGAsystem. when its velocity increases 
L per see. every seo. Students ehould note that a velocity is 
(saredincnis.per8ec.,butanaccekrationuicm3. per sec. per sec.; , 
*• is often written cms /sec.*. 

^enaUeal eqnattoru.— If a body moves for t secs, with a 
^orm velomty u cms./sec., the distaiure it travels t ^ut. Let a 
* y move ma straight hne,8tanbg with velocity u ; let its constant 
deration he a, the velocity alter time t be v, and the distance 
n the starting pobt after time f be s cms. There are three 
Mttant relations between these quantities which will now be 
ived> 

The increase in velocity each second « o 
the increase in (seta. CB of 

0-U + 4t (1) 

the increase in velocity is onilorm the average velocity a 
4 . 01 / 2 . 




It my be positm or Motive ; ia the latter case vt is 
s called a letardation. \Vhea the velocity changes by the 
)UDt every second the acceleration is said to be constant, 
measured by the increase in velocity per second. A body 
acceleration, in the C.G.B.sjatem, when its velocity increases 
r sec. every sec. Students ehotild note that a velocity is / 
lin.cms.per8ec.,butanacceIeMitionincKi8. persec pet sec.;/ 
ten written cms./eec.*. 

natical equations.— I! a body moves for t secs, with a 
velocity u cms./sec., the distance it travels t=sul Let a 
ve in a straight line, starting with velocity u *, let its constant 
inn be a, the velocity after time t be c, and the distance 
1 starting point after time t be * etna. There ate three 
ii isUtions between these quantities wbitk wiU now be 


increase in velocity each second 

the increase in ( secs, a al 
e » o + at 


( 1 ) 


increase in velocity u nnilonn the average velocity* 


apace passed over, 
lie the value of c from (1) and 

(2a+<w)t 


(“+®y 


a tit + Jot* 


se equations give « and e in terras of < ; if the velooity after 
over a distance s is required the quantity t must be elimi. 
Square both sides, of (1), then 


t* e II* + Sutlt + aV 

= u* + 2«(«t + j|«j*}. ' - 

antity in brackets is s. 



"•'< rjfnprm «• 

'***'**lo!i 

•>( u,^ •*«<<»•• • »».l M M to *tnk» H 

rnotv,, •»! lO) >U tl w*t^r$trXt 

HJ- at *b.„ 7;“ ^ ,„ia„ ^t. f „ ,1^ lit 

■'p.« witi 4 rruft/ o/>« 

1 “*• •»"»«- fon, o«rt«I fc/ ti» 

- »ill> utirom onrirnti* 

'*• IV'^5 **“"««, /roio 100 to SOO ft rr ^ 

” •«» TOaet of ofoomootli bomooUJ 

, '^orivri ****•• •liilt* witbOTtftirt*'^'^ 

atom, 



\n)»ti3tUeliDisc()Owerot»n«B8ii»«lucfc«»npumpt000givlk>n9oty'»trT 
^ tainuto ftcm s mil and project it vitli a veioeitf «i SO ft,/Kc. ihrougli » 
QQule « Iiich U at a height oi 40 It. tbon the turfaee tl ths vater in the veil 1 
[A fslloa ol vster Wight It) Tb*.^ (1. ’i&) 

6. A Kservak o( v&tcr o( area 330/KXI aq. (t. b tutiallt at a depth of 10 ft. 

’I'Hov nan; ft.-lb9 can it eopplv to a IiuIhdo on atovet vith tlie bottom, and what 
boR« jioarec can it maintam on the awaje tf it b tmpfied in io honn ' 
{1 CD. It of vater vcigba Bj-i Iba.} (1» '9L) 
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I ♦ ► ft. r / It* Ti'c** 

'fi If if >• |.lf^ «{ {•‘■I "‘iS »•> ' 

f* »n 

faff 


4 


iM fi* ft*i 


; if.-. 


...... 

M fF>* Ira-J'* 
fiTrM, l)t* 4 ‘f.f rf, 
fr» a 
fftiz-n 10 
/nrfft (Thrt 
nhonTiI I** 

, •'• W «= i.'t (nn 

“ ’. l!j>V - 1 , 1 ... l/t™l 7 . 

n pitlier eajf>. i( „ fo,ro aligluly «|„n Vwi-fi> nrrK^.li' 


tn.tiT^I rtia 


L .n "tVt "■■ " ” ■""'I "•I" I. ri-k •‘-r i 

.“ .ii. >” 3 * "P. 


«l oUaiolng ih, ■. Tl.»ragg=l.a.lill.imrl.i 

enualtaf)!--....!. 1 “ •» potmtUI ennfj nw‘f ’ 

tbe cam in ensrm.* <•»« »niM is ilrapgcd frotfl Cf® 

n ia^aero sine!, fh’ !f P;“»'‘»tionol untis, u WA ; ite work doe* * 
pcrp^ndiciu; to it ; and in 


.-. r/ = W/. or P-W.A/i as before. 

»ecan.e A » 

\ ■’• ^^ = 'VA or V = W.Afi. 

irS A : ross.LUity of motion^; 

.,• * dimensions affect tLcrf'^ 

on of ® “'•'o- Let AC (Fi? 

•' nol ‘"ngnitude « r. and Ol'l 

' VZiS n ^ ^ ■ OL U caUed tbe torqr.c or 

‘.“h.in f ^ y° phr'onl significanee k 

‘bung from • ky« .„j.jx,ried at O (b^. 2f). 

, V be moved obtained. AK^ 




amount anil get a ImUnco before. It will be found in every 
that lY . AO = P • OB, t e ibe moments of the forces 1' and W 
il 0 are ei^ual and lend to turn the lever mi opposite directions 
the lever balances when the tUTDing eflccts neutralise each 
r ; thenwcient of P round OistherefoM a measure of its twnmg 
t. ilomcnta are taten ol opposite sigu according as they tend 
irn a body in a clocknise or anti-clockwise direction. If a force 



lof perpeudicular to the lover, as P* m Fig 21 *, it may bo resolved 
9 lU components along and perpendicular to OB : tho former 
sea through 0 and has no moment round that point ; the Utter 
^ualtoP' . 8Jn d, and Its moment round O i-s P' sin 6 . OB. Inatend 
this we might have drawn OLXP', when the moment is P' . OL, 
t as OL n OB sin $, the lesuU is the seme as before. In Fig. 
‘ let AB represent P in eire ; then the moment P . OL i= AB . OL 
twice area of AOAB, ebomng that a moment can be represented 
iphically by an area. 


Koment ot the Resnltant t>{ Two Forces.— Let OA, OB. be lh« 
.ea of action of two forces and 
' that of their resultant (Fig. 

*). We mil prove that the 
•la of the moments ol the two 
rces round any point M » 
pial to the luoinent of their 
'Siihant round the saioe point, 
rav. FME H OB and EL U OA 
he tliice fotci-* are now repee- 
•nfed by OF, OL and OE, and 
icir momeuu by SAOFM. 2AOLM, and SAOEIf The Ust tnr 
voiaents are opposite in sign to the first. Wc have to prove that 
2AOUI -2AOFM = 20EiI. 



Fro. IVfulunv M< 





A" AOLM is on the name fctie anil Iclwcen tlie tame paraHi- 

□ I’’L, 

. •. 2AOIiM « □ Fli *= 2 AOFE. 
2AOLM - 2AOFM 2AOFB - 2AOF5r 
=.2AOKM. 

80 proving the proposition. Being true for two forces, it a 
their resultant and a third force, and eo on for any number of 
It follows from this propoeition that the sum of the raoineDta 
number of forces aboutanypoint in the lind of action ofthe'f^®'" 
is zero. 


T 


IT 


-Parallel Forces. — In the last fig. let 0 be supposed to * 
to a very great distance along OC, then OF and OL become 

and their resultant OE becom® ' 
(ai to their sum or difference, ^ 
as they are in the same or op. 
directioM. In the first cose tD^ 
called like and in the second 
parallel forces. The positioB o 
rf> resultant is fonnJ by the th*^ 
the last paragraph. Let two W 
■H forces r and Q act at A ““ ® i 

j. 23*.— p.rju,] pepj,,. 23«), and let their resultant B 

T The forces are like in (o) •* . 

T J" <") R F + Q. and in fh) R = Q - P (if Q/ , 
of C. remember that the moments of 1 
round this point ate equal .nd opposite. 

P.AC=.Q.BC or AC/BC = Q/P 
t ”» (f-) the point C must fall outside 
iu<t nbtiin ? k opposittlj, directed moments, and ths^*" 
onrenhint ; T* “ “ ‘"Ser force. It h ofte-^' 

th\t .k‘ " oth" point 0. 

' ' , in “f P “nd Q « oquil**' 

n . OC «. (p p Qloe ^ p Q on. 

(Q ~ I'JOO » Q . oit — V . OA. 

CM ^ It fi'Uml. .Vest suppose the 

are ehsaf-.l «, eui ,fc,y ‘ ^ ^Ub • 

. ct^ir winwct maad O e«h fo„, j, ,c,ohcd pcri*^-!.’ 



« muinplie.1 hj i(- . 

’•-•...aa/CCS 



"* ‘“pposed to be 

i-w 

fion; 

« 2<« k .B 

oftba 
'vpoioe »** 


iaupfc, 

»»«sacircfcofradiL 
jWtcsc circumference i* 

‘^-2w 

, ’'***®ibedb7«,;„ 


A' AOLM on the Mme biwe •mJ lictwe**!! the psw^'- 
□ FL, 

2AOnM ^ □ FL = 2A0FE. 

.*. 2AOLM - 2AOFM = 2AOFE - 2AOF)I 
« 2AOK.\f, 

po proving the propoeition. B»*ing trno for two forccJj ^** ^ 
thetr resultant and a third force, and so on for any nninher c ^ 
It follows from this prop(r>ition that the Bom of the 
number uf forces about any point in the line of action of fhcit 
is zero. 

Parallel Forces.— In the last fig let 0 be supposed to 
to a very great distance along OC.tben OF and 01* become^ 
and theit resultant OE bc<»® J 

® ° to their sum or difference, W 

as they are in the same or fr 
directions. In the first ^ 

caUed like and in the J 

paraUel forces. The 
fi> resultant is found by tbe tn 
the last paragraph. Let two 
forces P and Q act at A aw 
23*), and let their resolfant Ir ^ 
. , . . C. The forces axe like in (a) > 

like in p. In (0) R p + and in (6) It •= Q — P 
To find the position of C. remember that the moments of 
round this point are equal and opposite, 

P.AC = Q.BC or AC/BC =» Q/P 

in both cases. Evhlenfly in (fc) the point C muat fall outside i 
the forces are to have oi>po»itely directed moments, and ti*'t 


""jr.tr..-'" .Tte 0. 

TLcaM-i) U.OC^n*., QJOC«P.O.V.f-'Q.0B. 

■ (Q-PjOC^Q.OlJ-P.O-t. 

-''•«« th* dur*; 

* • t) «*eh force i» resolved j^rperd* 


d.,™. 

, , «i-P)OC..i.j„Q OB ,' 

' dmdms out „ '*■'>» •“»-? OA .,„ j 

‘nd the position of 0 i« r«alt is tho 

:>arallei forces tu ^ "“<;>ianged a ,-, ,, ^ as before 

r '”» .rtiUE V J"', u ,' "'' ■>( ««b S "■’' "P »' i«- 

''■SilofUobojy H,,„„,,'“S 'W'-.leul („ 

» '«». p, ,„j , Ike duMiou h ,L ' — “51 — 

'■"w i'.aS1p“;;ap t~o 

^lj*8 constant mom ^ ^°'***—ACbupip 

dutloa round 0 («}) to m To 

rt.4s=n, ,. '®®a«ung X An ' -ri ®“e comolM» 

kdout^r,. i. 


<H I* r» 1 ? f' «'-•* r* 

«•>? r.T--r«ii-* t< »»-« f ^-»r {'(<■''' ^ 

!»^,I «» I.T • -»'* rf 

0- tff K-i r-.M,. ^,«, ni.i« f f'-.lfi'f-'*'*. 

( 2 ) fit t ni|tj B-.*/ au^S t-A 

U\-n ir,*.. A'>. -.-vt ) r^f .r,.'.f.'»*\ l>r- *, 

tftn . f..T fn ft '*'>^n tL*» «f»m . f ♦!!« pmfn»n(« r^T'} <"•? f’ ' 

1- »»tii I( all 0.« f p.ir>e fj. 

rntAlKin. *r»l *h* rr.RihfMr.* nr* »ft** »♦ t’*' * p >’’'''' ‘ . ^ 

•In r-rt ttl j-<iM ihtmij'i i!i« fH" **"' 

lIlA? <h» tlTKI •>! lh« t/jmp*fl'r*» lA lir-T (lifA*'fkn*W *'tt ^ .1 

ranwh. iin<l {h» in/.nw.nf . mnml *ny pninS ‘ 

M»»hln«. A m«fUir.» •• * rAntfirar'* fi’f 
unrp at «nfl r«niiit hy ih* acptM-atx-n of » •’ 

l-omt TIk* fo«Mts«:ofl Vt in Im o»-ffomo n faW 
the loiiJ, anil tho upptir*! p ili* pow»t («”* ^ 

with power defioej on P td*) If P »• ib» t'-nt that 
W, the ratio W/T iicaUMthe mi^hanieal arlvantagp^f *1*' 

The iiie]inc4 piano ha« alreoitr bo^n dealt with 

Ijcrcri are divided into throe rti-wa accordins to t^* 
ofthopointabout whichthejrtorn' •raD-il tho fulcrum. Th«‘^ 

_ _ _ . typo* oro imheatfii m Ilg. 2ii*. whef» ' 

X — » 1 _ fulcium, P the power, and the .. 

P .p od'IitiOD to P and W the only . 

T— T ^ acting on the lever is the reaction^ ^ 

ap folcrum. Ilenco the resultant of P * 

2 I must act at C and be equal and orl"^**! 

nw (no transLation). Also the su® . 
no. 25‘.— L,rPM. momenta of P and W about any 

. the line of action of their resultant 

that u, in all iliree eases 

P.AC = AV.BC, 

“ ‘J** “’sehraic aum of P and W. Examples of the h 

first class nro a pnmp handle, tho lever used by tram«a.' , 
move a tr. . poiafg, ihe pole and cradle lucd t#' 




iiio«’lnm<’al adyantago will I>o u^ed. In *P 

27* (i)) a Be|iafalo string pa**M round Mch jiiillpj’. te‘ p 
S' cms ; tliPJi A2 n«CPnd'» CBM. ; Aj gO'W 2- . cnis-» 
«rriiri-< 2* z cm.1. Also work by F = work don» on >»» 
r.2’ x^Vi.x or U7P==2S. 

In (he coiutnon oystem (Fig. 27* (1)), thepullsys of 
arc usually all tnounle*! on the same axis, and 
of tlin bottom block. The same string pa.«sc8 round 
and, since it supports the p«)wer, its tension is P. ^s ji 

strings going to the lower block the upward pull is 6P. , 

are « pulleys W = n . P. The weights of the pulleys ta^ 
neglected in each case. 

The Balance. — In principle the common balance U j. 

of the first class with equal arms. The beam AB (Fig- " . 

round a fulcrum _C, 

•I® dimmish friction, is ^ * 



Fjo. 28*. —The EsUoe®. 


I agate or steel knife-<d|* 
p on a smooth agate 
- W be the weight of tbe^ 
and pointer, G be h 

grarity, and suppose that 
equal weights P I 

from the atina of IstiStv,- 

CO = h, Suppose the be*® 


tilted through an Taking moments round C. 

Ai ^ • CL + Q .CN. 

s 0 and CL = GR = h sin 0- 


<*0 = \Vb sin <? + Qti 


rn u slKnil.1 have tho following characterbt'^''^ 

(I) It should bn true; ,> , he beam must bo horizontal when 
fern the pans. This is secured b/ o'* 


eights, or no weights, _ ^ • n 

.vr’ ,".“Vy *" amWeieVlTand the p. ^ 

" WtlUn'l** This means that for a 

^ferc tilti must be larff®’ ( 


.i-.Lrf«wh*D«wUree,a.,.iu'a'nd6ftroemal!. !■'* 
I « L»n« sBd hght, ami lu ceatrt of gravity nc*t 



i It mat ba ats-Wa, it mast teti«a (quickly to Us position 
st wtea deflected, with eqnal weights m the {i.ans. Equation 
lowa that when P and Q are equal the only restoring couple ari 
om the weight of the heani. Hence for stability IVh must 
rge. (0! course the C.G. most be below C.) It can also be sho 
lat for a quick smug a light beam » required Evidently 
mditions for (2) and (3) are at Tatiance and in practice a comproa 
lust be effected. The scientist requires sensitivity even at 
itnfice of some speed m weighing, while £m a grocer a less accut; 
ombined with speed w sufEcient. 


Suspended Bodies. — When a body is suspended so that tt 
urn freely round its point of suspension 0 (Fig. SO*), it 
lUl come to rest with its centre of gravity 0 vertically 
indct 0. For ifitsCO wcts at Oj, the weight would 
lave a moroent round 0, causing the body to turn. 

CaecUMCVt.-^tUos up a ebeet c( <»Tdt>ou<l by u ttnng 
ti ODs point 0 tod draw the verticsl. IWprtt for another 
{KiiBt of auppott. T!i« iBt«ne«tioD of the tuo fctticali is 
(he CO, 

Siniilaily when a body tests on a plane, botirontil Body, 
or inclined, there are two forces acting on it, its weight 
at the C.O. and the resultant reaction of the plane, and 
equUibciuta these must act to the game straight hue. The vert 
through the C.O. must (berefore pass through the area of con 



Fro. 30 



of the base of the body uith the plane, li the ( 
of tbe body shown la Fig 30* were at Gj, the I 
wouW toiqile over, but there B eqiiilibrium wbe 
is at Gj. When a boily returns to its rest posi 
after s ebght dispUeement, it » said to be la st; 


Fro. 30*. equilibrium; il it wovm still furthec away a 
the dispUeerocnt its equUihriura w called unstc 
^Vthen, like n sphere on a tabic, it rests indifferently lo auyposi 
^ it is said 1 0 be in ncutrai cqusUWiuiu. 


" EXAStms OS c7(Apn:R iii* 

^alsnmgl. 9. fhow t1>»tiua<tthrsli,,n u ^'Sin 9. 

0 t. Find p-»r4iK«Br snd by cateuUlwa tlis svMlUot si foi«-» ct 10 u 



nurrrn iv* 


risiit.— •« «1 ik|) rtn opj""*# • I 't re»lrt4r^ « 

• R» clu-ff* ifi tinr •»*> pf tn »},j tttvl, •; 

rsiwuocr*.}.!* v«m «r->) <**0 oflrt no to >h 4 f> 

fkMifm «l*'i »ii»7 j.liT* Vt-t T»r ’>4 rhtnjp* ir.tcrru 

*1*0 vi»ro»jiy--<eKWT* in*.« jtay. TliH •M«en:i Ij! 
>k.« Ury* Lcmr |i»«rT ift tut »tf«cirr» »r.i) )b artt/jitaR/xi 

Tor cany (oIk>t»iB 8 p*)f^, tL»« (iirtw't.»t tiTrri* 

<»n b« Tli» term CvoU tacla-W trnb t.<]>tKS» »ivl 

(]i3>^ t/pta ID Wieg *f7j <IiSeti}( lo cvnjfoi. A gu 
tnll rr^cij osfl it til* tl.»f»»auimtgrr*»rl, lotrfW Uff* It euf, 
I* Oa *f«poot «l tie DUpar* •! IrKtiPO n i« c5f«f, (1) ilut lli« 1 
(UTlufpi sliqai'lDt n«t Dwt W Witnctal >ln «rre iur LcM, iLw 
yutwlr* «ouU ^ovtt tti« t&cIinM fUce (2) Tl>» prtP^arD oh\ 
Dfty ifi «QU«<i «t(tt ft CukI ti tf«t u cciti&ftl to tlntC 

tarCtc*. Fcf tf it *cf« not ♦«, it cooU U tr»<i[v«J into 1 

ftBd to lbe«ort*<^«, aoJ ihf Uti«r compoatnv' 

vooSd Mui* eux'ioa to tale {'U««. 

Pftttara tn d Fluid.— H d fluid ostna tl» tame ftrrvore on orery 
«KL* ot » «ui(>n It* jrtOMOtt V. tftiil to be ttniform, ftnd it txpt«otd 
in dyoei or gmi. per cm.* Sirktly tlii* ihould called ibe inteatity 
oi tbe {TMaure. ii'^co it i« not omforin, • point u taken ami a ptine 
area S M described around it *o snuli in extent tint tbs pressure on 
it can be regarded as uni{ora>. II y i* tbe total presiure on thli 
area, (b*n p/s is called tbs prmoieottboimi&t. It ueridectly tbe 
preesoretbit ft ouldba exerted on vtit area il it were evrrytrbeieol 
tbe aanie iutemity aa it is o*er 8. The pressures at tiro point* in the 
lame borironial pUne and conneeled by fluid at rest ate e'jual. 
For inagme the pcinla A and B (Rg. SI*) to be connected by a 
emnoth tube ; if tbe pressures ©n th» ends wefe diflerent the fluid 
would flow to the left or ttshU AUo the preiaure at any point is the 




19 is tte taiBC at all points in. a vessel. ^Tien a U-tube contains 
juid (Fig. 32* (a)) the ptcssine st B » pressure at 0, and therefore 


te height AB = height CD, altKongh the 
ettical hrtibs may have diflerent sectional 
reas, li the B-tnhe contains two 
rhich do not snis, as m Fig 32* (6), let B 
e the interface where the (iquida meet, <1% 
nd ^2 densities of the liquids on the 
ift and right respectively, and ftj and hf 
he lengths of the columns AB and CD. 
Then the pressure at B =athe pressure at 
J (in the eame bonrontal plane). 



Jiidj « Jijdj 


UTbI* 


This result eaft be used to compare the densities. A U-tnbe contain- 
ing bquid can also be used as a pressure gauge For example, sapposc 
ihu gas mains are connected to the right limb o£ the U-tubo shosm 
m Fig. 32* (a) : tho liquid is forced downsraids in tlu# hmb, and 
upss'arib in the other, l/st it come to rest at £ and F , then the gas 
]iut balances tho coliuaoof liquid of height £B, and this accordingly 
memres it B pruroie. 

Prinelsla «f AfeUiae4«t.--\Vhen a body U partly or wholly Im- 
raersed in a fluid the pressure on its surface pves rise to an upward 
thrust and the boily apparently loses weight, as,ry, in swimming. 



Tliii apparent loss can easily be found both 
(heorctically and expefimentally. Irft A (Fig. 
33*) represent the body. Imagine it to he 
removed and the apace it occupies hllcd with 
the fluid The forces arifinz from the sur- 


^ * .-T'3-V‘V\V-\= rounding fluid are unallcrcd, but now it u eeen 
33*~Pnnci(iU! 'hat the miiltaut upward thrust just supports 
c( AKhincAe. the weight of the volume A. Hence the loss 


of wciglit of the on^nal body is equal to 
the wcisht of the fluid that would fill the epaca A. This u known 
as the pciaciple of ArchinWe*. after i*B duwovertr. When a ho4y 
Is Immened to a flail tbtre b an upwail thrust on It of an araoucl 


iqual to the weight ot Hull tt Itsptaees, and the body appsTenily 
'.MM weight by this amount. 


r.iTtu* pvr — 1 a }y 11 * B is • wtia mrut cj Uo.kt « ticU just fits lt» th« 
iiilln»rejlin.fct A. Wti*h ll>e S«t>tn|wtVT %M tben Isl fit*, tffvsjly limwrwsl 
» •swr, as in tlw £5 llalsnntis dosltesvU, t^vVit tasy bt ksSowJ by tUfflu 



t? «K»t etio InM pf ir-JaM o( r H 'q-p’ 


* ••rr^pnniling »n iJk* nfi««r'l 

r»«rf|n»i, aivl Ih*- of •'*'’* ^ 

•rpon-ntty inrr^.t. Tfir fotl-^ri"? ftr"^ 

h')irm>whth(*in>tr>ivU ..t, inirat; 

f;*rr»rwr')T — Fiinl 15’* fo** of : 

rrmrxrt- it ami fJi«' «fi« C o" ’f* t ft f • 

f^ri'l R from • •'Hh thtfvj ^ ^ 

imm'POHl Tho ln-aktr (r"'0* if' 

!*• fn«n.I efinalto r-» apparent loo. 

In acniratp work lie weight of » ^'j{ 
(he lialanoc weights must both be fo^ 
the nir they dtajilaee. 

DetermlnaHon of Speefflc Ctaritf- 
atrengfhs <*f eoliitions and the , 

atanrea are frequently tested by no ‘ 
specific gravities If the ^ j fciC 

ring, said to be gold, is .“".i.r !i 

to be less than that of pure .i 

certain that either the rmg Is not j. 
out or it IS made of iomc lighter n . 
specific gravity of a soLd is 
raedes’ principle by weighing the twy * 
air and then when hanging completely i® 
in water. Let these weiehts be ^ 



in water. Let these weights be » ® 
Fio. 31* Proof respectively. Then 

"t w.t« 


•«.i so.- 

wt. of an equal vol. of water " 

^ 1 gm. of water occupies 1 c.cin.. it u evident that the vola 
the b^y « (w _ w,) ccoM This is the most accurate ® 
ol hnding rolurnm 

Suppose the same body u now weighed in another litpi'd,**' 
*he weight of liquid it 

i\V IV V * ■ *' "right ol the same volume of ** 

('' — '* i) gms , 


the 8 O. ol the liquid « 

t case thtf „,i„i ^ 1,0 weii 

.ft some oth-f bquui, „f ,i>ocific gravity #, »» 


“ « iniofuble if ,i 


of thaa volume a 
•*• 8 C. of the soficl = 


_ W 

^**“1 is. to find the • »• 

pS5SpiSS=to: 

•“se weights. TheeneS.!*'’ of the T ‘o £11 

! l^'^y « « th;X ‘5 ‘x>Klo aLfhSl^^ ,** »tio“ 

t J«^pSle7o ^dthe jS' f * *t 

t Ssace waf«F j.._i •n<l the would h. 


S.O.ofn.... TT 


8-Q- of powjgf „ H 

•‘Od with,!,^°*‘^®’“®'*wor]; tl #*1,* Used, witl, 

Theeohd«^”.^‘^"'^ 


r “yaroncter ;□ a "1“W. find ,i ' “ «ujtal 

,. ““'‘J a mark p “ ^'’aW in »if.. , * ®Pecific £-,,^1 

’‘iS!",r "'> *SSw ■.“*"■ tKoS',;"'*"' 
■'.;' p‘r."S‘;;'‘-w»C^f •» ‘*8 S£" 


rrqniml i. W,/W,. To find Ihe iprif;' 

hydrometer is flonfedfirst in the liquid brinsf ^ 

^0 nnrface. I-et Wi and ^ j iyiciH 

^■-.l..— n qnired, and \V the W€i?h vciolotbf*^^' 

rl alone. From dVrehimedes price p! 



alone. From dVrcnuncuw r*~- ‘ j.i 
of liquid and water displjiced “ 
ami (VV + W*), and the volume 
each, 


hence the 8.0. of the liquid -=-5^ 

The eommon hjinmrter j; 

is frequently m«l in worte 
this of a bollow gUM bulb rnrce ^ 
slender cylindrical stem. 0“ 
engraved: a lower bnlbCiaV’ S. .jp,, 
nmlretheinsiniment float man 
when placcrl in a suitable 
plaewl in ahquid to be .(.j ft' 


plaewl in ahquid to be to-*”'.',, ij.,, j]*' 
sinfca nnttl it disphecs ks own weight of the hqowi . ^,,1/ 
Brarify of (he liquid i.s then given directly by the ac^"’ 
the surfsee. 


be used to fled 


The U-tube met hod fFig. 32» (ft)) can t>e use<i i'' “• • 
grsTity of a liquid which doen not mix with water. 
LquMs are muchle the U-tuW »s inverted and the bqu'‘^‘* 
op the hmhs (P,g, 3c.*) The pre-.iure on the liquid m t''" , , 

H the rntme in ench rn<e, vis otm-wi'hcrio I’rr'suf'', atiU , 

toUm-M Ihn wenhts of (liR 11.1.11.1 column*. ffet'CC.,*^ 


* ' racu ra»e. vi» otm<M('tiGriO j'rr"’'”''. ■* 

loUncc weights of (Im column*. JfetW'’. 

J,rf, » Aj,rj_ whence, ifrf, refers to Water, dj fan b" 1 
Ihu Bunner th, U-t-jbo |. c»He,| If., re', npparatu*. 

Fmtueaaf ij,, A«r«».«h c . Jiquid* i” 


differ fro 




^’“csaf th« AlGia*ph«re.-fi 
i' '"mpreeBiht.., ami Ic** vi*ro'i«. ** " *■ .,^ 

• f-n.tR.r-.tnrat.frj* iVuHuMde, and * pf'*’", 
• U.f.,w}. wegh* t •."I t ■tu'^ 




e.ir-T {** 


■* )*!} t 


r* th 




then if | 1 ,, 


iM.-.aiidthn**''*,. 




d«ed .1 j,- “ <i«TOtet ,„d cm» * <><'■ 

n end under mpr^', ‘nercury .n^l *u "' length 




*'ne>ehtAB if.f, -, , 

s'-' i"“ ter? “’ 

S/"” '»« j ’"nh’” “S.’ 

' ”X13 0) gnu. unigii J 



rrqniff.l W,/W, To fifwl the 
!iytlrom>’tfr n fioftfff! fiMlIn ^ 


Eqiir^. 



[ fiMl In IM liTJt‘1 unJ r ° trici P 1“ 

™hr,. I«‘W. J b. b?*®' 

alonfl. FfomArcliimctles .^xS 

«f lirpiM «nJ water ,Vi'?Y<-d «* I 
»nrl (W 4- 'V',), anrl tbe Tolutne u 
each. ^ 

hcnco th«S.O■oftbeM‘l“=^V•-^ 

Thf common 

is frcquentlj it'cd m works F* 

sists of A hollow gloss bajb 


1 whieb » 


FM. 35*.— Hyilnv 


cograTcd ; » lower bnlb 0 U i^p 
make (be inilminent float in an 


nt noann»““r- 

when pbced in a suitable ^ 

placed in a liquid to be tested.* > ^ 
sinks until it displaces ils own weight of tbe I'qnid. . 
grarity of fha liquid is (ben given directly by tbe scale 
the surface. , , 

The U-iube method (Fig. 32* (6)) can be used to fin“ 
gra'rtty of a liquid which doce not mix with water, 
liquids are miscible tho U-tub« is inverted and the {> 

up the limbs (Fig. 3C*). The pressure on the liquid in 
is the same in each case, vir. atmospheric pressure, ana ^ 
balances the weights of the liquid columns. Hcnce, as 
/ijrfj = h^f, whence, if dj refers (o water, dg can bo found' 

^ this manner the U-tubo is called IFare’s apparatu-*. 

Pressure ot (be Almospbere.— Oases differ from liqo’i'd-i i® 
l«s de^e. more co»pr«.,lWc. and less viscous. If » 
closM by a stopcock be cxhaostesl of air and weighed, it 
U shown that the rcadmission of (ho gss increases its WfiS-* 
litre ot dry air at a temoeratnn. nf fi» ,i» unit a rrf“ 


a temperature of 0* Centigrsile. and a prf“' 


7 B cm. ol WclchTSf™.' ..... - 

iT, fa.” S U. • "''•'■''y t.cg. .acl.ee. 
cl picwU. face imeh Urj., 


'to ore Iiqui(j . 

^'S.TS .h..H 

1 ,^5=S^ I ^ 
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nil»f * 

fitfM (n'lal S>l 


„„..i 


Ilf 

D».1 Th- f. .V . _ 

« Itm fiMTial 4Vy-< v.n.-..n* .n r~^/" *^1 „sa 

Ifc" »h"*{ *}.»•{!, lij> e«a»iri, •?• rv»r'lr« 

10 ■ |<oiAUr CBO’rms oaat \ <lul oo *** 

]>fn>«D(ei or lipuchf* 

Doylt'i Law.— tk« Uw |:.>»rrr.ms «b« eornw*-*!^-'^ " j,' 
is cAllnl Boyle's law. sftar its «J»)«osFr*r Bob^ \-if: 
form of so e<]ustioa i( slAtrs that pi»| — fi^i. wb^'f* ?* gi 
the prrssnm of a g«T»n maas of esj asii ti afti 


spending yolumw. For the taethoil of ptoxjng tbeb****^^ 


Lift and Fpree Pomps and Brahmah Pm*. — Thee'*' 




depend* for Us action on atempheno pressure- The 
fFig. 38*) carries a -ralre C wiuch opens upwards ; jte- 

the barrel is another valre Dopening in the same directioo**^^. 
this a aanower pipe goes lo the water reservoir. f„,S ' 

• .are closed bjr their own weight. Let us consider the aetioB 
start : — ^When B is raised the pressure of the air between 
U reduced, D opens on account of the air pressure bel‘i'*’»^ 
, ' the pipe passes into the space CD. The piston is then'll 
> ' the increased pressnie closes D and opens C, thus *''>1 

to escape . . ’ These operations are repeated nntu 


.i(^ •: 



««*fpn^ P? tr 1*»1* M t •r-.fti-T-' A *?'• ****!' ‘ ‘fi 



Fio. «•.— Filt« PuiD|V 


Fio. 4 1 • — T6pbr Air PB»?- 


be used ^tcad of air wo havo an iiiibitration of 
steam injector wed to force water into boilers. There » jj 
and valTo aii r»imp, but as this operates ia a similar .j- 

lift pump of Fig. 3S*, no further description is necessary' L 
say tha^ the narrow tube below D goes to the vessel to be 
and It IS the exp.iosivo force of the gas u hich opens this vsK«’ 
stroke of the putori. H each valve in Fig. 38* opened do«»* 
air could ^“Pr^sed in any yee^d ^ed on to the end^ 
tube D£. This b the action of a bicycle rump, 




^ valve correspond 

- '“li. clej , T «l»iolio„ ‘“o '"Me l„ „i„ 

•'«» a ¥ ’ W-np, ,. b, . 

■ ^«en-oir D and M, ’”**?* ^wtheruhj! The 

"' the l.ba re '",'V ’■ "■»•■» to™ “”•«»» tube p 

on account of it. .i. *‘*“'*'evslref it v ®«curv m 

■ ■” "»« th. TO it ■»• 'i. 

‘iienthflT. ^^“rd in (j,e f 

plane, ij •w^V^^'oWi. 

““sphere, piu, due to it,, j 



“r“'\Mro,''‘r''<"‘' o,“' 



lueil imuail ol air w* k4»# an liJaUralwa nf 
• **"'“ Uicl fof„rre»at« mto Tb«« 

and valve air pum|,, tut av iLm op.ratM m a .imilif 
hit pump of F,g. M*. ‘^«,p„.,cv ir 

..y tk.l I „„„ ,„t, O s.« .I. r„«l 1. 1» •*’. 

“'‘',i*™">'S‘‘"i " “y re«l tiXKi m It" '“''t: 

.abo 1)E. TbB u the eetien ef e llcrcle puier. i 





h* wt.1 (|( .If L*V* “! lie »' 

tleant uar<l <of»rrairatn mtv U'\]rr». •* ‘ 

nud vBlve ey Ut t. tliu oprtat« m « eimiUf uw 

Uft pump cf V,s. 38*. funW i«r„r,;..n « 

D to .be vcul to 1* 

■ “ove cl 

• air could be compTCfs^d to anv 'f* 


iroke 01 1 e pwtqn. H ^ach tbIv^ ,n Fiff ZS* epeceJ 
ir could be comi.r«s«j in -f 

rrow tube DE. TbI* U tbe action of v'^ * 

•ctWB of a bicyflf puep, 
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” '•'''“' "a r-<«, ‘f'“ **>“'1 >w v.lv, ;, “'"i’lonl., 

"•a«l B„, „ ®'7”)- “P«>d.. 11 ' ■ ‘“' P"!*. 

It t *P* >waow tut, p*^ ’Pc 

■111 '’'^'''P'''’’''’'«al ‘P’ccsP thB n ^'’'’’cr'iig 

;;';p «I’‘ i" iX"' ."y '' ’"'•"‘'S' 

M XT'’- 

pSsSssSrf 

X'“" ;P' 'X a- ‘ - 

At':," •'"■'-4' 

i!.u.. a 1 . ia.r, 

nTr- !'•■ It . t '" 'Pc 

• cf ^lJlJ , '■'-‘‘it of , 

.K, 'r-pp-j 
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Atne-ra j»* ft »if*f I* I A *! 

T.r-.nmt.n I. ,.r.|.,.Min. .r—l|'»''l'‘’ „, - ' 

»if *if l» »»n! A • w fj j. 


*hn»-n I'J Mowme d'lwn it f, Jo^S- 

•ifwmer. Thf 






i^S. 


P“ton.ndv.“S?'°“"“<!">*TO Ii ■ ■ 

” •»'■. called a Tef," “^"“lian amtler tU, 

'P™„ „ p.»ap, i, l.»t be aeed; 

^r«ervo«.Dan;^T^^’««Ptibrtiieru^ ‘‘I*’ The 

«ach of the tuba pg ^.contam inercu/r P- 

trio height Tl.». i ***'^ •* sLffhfl^ ^ ’ ®tid the lenirtf. 

° prevent the passage of !^ ^alve B 

raised mercury “«rcury up,^^ wiose purpose 

«^;iong and “"ow Lfp ‘be 

r^ervotf « then lowefJ .Lt ‘broagh the 1 *”’*®P>dS 

0“ account of its ‘be valve fall if . “®"“ry m if 

'■ ■" «“> >1. « tS’ ■»> cC.b.tf*’','’”™ wieit 

wd ol 0 1, e„| j ”I“«da .bJ do^-' 

S.'"'* "P l»be^ if” ','" "““Plete by t “'“’Ms 


Wl tuea up ,he lube Va ““cipbeie by f 
""8 m cl volume A p”' “'»>!• B Iben ,,S ■» 

c produced by thb n ^”*"“0*00100.80 vyff “‘®d, each ti 
'•» b. pfofulfrr- ®'*»r bo. oiJS »'«o.cu 
’"otoimos cio.;“f “atas ou . 7 ,? *” '‘a* «lill lo. 
•• J found that rfc f^barcoal; wheini,? f* ^^TWatcu - 

,”V»'latarA''^r”"“».bel»g 

.pBuc, i. ,?„''■•/»■» lo,; 

”P‘'>c. plu, be due ,„ ,1, 
r °' “quid ol 1 -T* "< o 

'/" •too.pLc* “ 8"o'cr 
^'q"'d coluTO EC f,'™ ""Bg 
5” "d alOoTbSio'™!' '"^“d ‘'’Vt™" E.ploo, 

Its place. It i j‘ ®®*are forces m. » 







riLYSlCS 

CHAITElt t 

ocssBAL MioranTita or uatteb 

IE ituOr ol ilfclunic* hM •ho*™ t**** * frequTOl twit cl ilt» 

1 wn ol lottt on oa^xe » xi** general wn cl energy , tUUe* kinesic or 
oientukl. K »& (ound. toecever, tbit energy tony runilest iteell in 
lh«t end more cowpla-ated torau; •hboag)) these eouM prohably 
e redueiUe to the iinii>ler lorms ri ocr Inonled.’e ners mors 
oaplele. The nudy ol tbe*e vetiooe lotsns ol racrBy, tbeit moijti 
( propegelion Irom plue to pUce. nn<l (he coavenion o{ one (onn 
atoenothcf ia (be province ol rbyeke. rroi'crJy lo ucder*t»n'l 
h fv. jt ta lound nccesaary lo investignte the properties of the 
aaJJwJ psrtiela cf which sll msuer is tniU »pj consc^vtWlyJbe 
irnctm «( rnittet is one o( the tnam proLIems ol Fliysica. The 
fpea of tantfy deiU with m the lottoniog pen sro those suo- 
isted nilh Heat, Light, Bound, Magnetisn) and Electricity; but 
Setore beginaiss their etndy tt «iU he conTtnient to deal with 
ora* ol the geoettl ptopentea ot tnaUet, mhkh do not Wl ittitUy 
mder say of the ahoee heads, es these propertiw sre freiiueatly 
'net with in cxpcnmcntsl work. 

/ Ittsrtco’s Law o( CrarlUUoa.— Matter may he dc^aid os that 
shich ocespiu space. This dehnitioa does cot make any hypothesis 
M to the stTuetore of matter ; in fact, this queaticn is one cf the 
^in problems of Physica, In odditwa tooccupying space, all mattei 
possesses mass and u sohiect to the Uw ot gravitation. This Unr 
lisccveied by Sit Isaac Newton, states that every parllele ct msttei 
litracts ever; ot&ei particle «Hb e tore* which ts prcpcrtlonal to tfai 
jrodDct ot the muses and iovsruly as the square of the dtstaaci 
them. Thos if m and m' arc Hjc masses and R the distanc- 
between Ibem, tie forte of attraeficn 



J.i/t /.lij JUflf”* 


ftr*! rurfi (a ftiert'-f'-'! ^y 

Mtmnomtca! H!it4‘nf»np« ol 

tfrnl Jiito m*<I» w il^fwt «fli| K*A»^rf tH« 

hrtwf^n l-v!.f*. tl>« l»o Wh»fni{ nmf U /finM- 

rrfzJ.M A t,o.lj-r.n lh-l<ip<if * I igh l-nHin?. »!■'"» f*";! 
It to |li<> l/alanrr. l.y « lonj r#rtlfa) wit*, whlrh 
rooms lK*Joir, An^l wrichr.l it apatn. In tfie •'rorrl 
nenrer ttr farth ami al.ouM b- mmn tltoBSif 

sJionM b" prratAr ; (his was found to b« th'* ells'- '■ 

1 rof. Toynting attBchPtl rrjaal mass's to tlie arms of • ,i 
found that one was attra'I'd downwards wfien » f-^rg® 

WM pisrcd imjn'<liatef/ Iwjnoatli it. From tsp'.rimfnis " 
tTpe tlie rafne of the eonstant I in the above e<iwt‘cn c» 
round, far nil the rjoantitisa except £ can be 
tbu ynluo is known the mass of the earth acd of the pi*®" 
cilculatej. 


I Elastlelly.^^Pben force ia applied to a body it ta^T 
tioJe or it may merely alter the relative positions of ^ 
composms it. In the latter case the sire or shape of the ^ 
changed and it is said to be strained. If it fends to 
original ai2e or ehapo after the forces are nmoved the body“* 
to be elastic. Consider any small plane area in a strain^ f 
nartvi *^***^® ^ attractive or tepnlsive forces betw^ 

patuclea on.opposite sides of tbo plane tending to move tleo 
U ; the magnitude of this force per 

voliim'» J*S^**t***- Bodice which tend to recover 
tho-iP wv ate eaid to possess volunie *I 

hose which tend to recover their ehape. eVafter a twist. 

So fong « their volume is ims^ 
have onW permanentl7 waist change of eh-’F' y 

strain is mpn consider only alterations of , :' 

strain is l/L. ^vhen th* ***^"”* w (I* - 0 t 

the change in volntr-*^ 

by forces to (V + r) * 'f the volume V a - 

. which vl^rie; - If the strain exceeds a 

'd and Is inea^M **? **at'rial. the body is pen®*®'.: 
d in such easf, its original eoo£g^ 

toot the eUsUo limits have been excef* 
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a®' tJie *,„ .Aeroj 

J/i-e ■tram ia //L, y . ' *’''‘’‘=® ‘^“8 «trf« - ^ 
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“« a <lpn,,/™.. “ • «"aW ..j ,^, 




I ®oIk Modnloj of 8nii4 

'easuttoent of thi/ « " tlqnidj _t>. 

•easily be deurminj of gases 

fomn-i B.reaee«r_T„ 

'■• "-“uVS,' ■“* tK'-';'' I 

' “to or oot of the euL^“*, ''•"«> aereory 
■ ®<>«untly bo and the «#). 

r^?-SSS^ 

“ ^tbe pointer, the omL*^ **’“'^bn th^ 

* T mi^ . •' » eVsii. t_iv 

• :•■ ■■.-.v:,-j./,„',v. /I 








tUlsd Bajtt’l U«. Oa l^e CnMie^t it Vno^o «.« ilwrioU* 
u LajU-^lirtwUe Uir. rut in ti.i* fora el uw t<in»U«i n 
rVfamUUBt 


i! Pj. Vj KjiwMiit n 6««tv<l p«*wre toil Tolatne 
PVcpjYi 

TLe itinauwa iWa tKat it tt«* |'K«um en % pii t» 
olutne u t»Uwl. Mow «rtcn«!«l »tid ft*t)ori(o «jTnm<Tit« b* 
town that tbe U» u not alrictJy tn>» for »ajr gw, lot the ijctutio 
n M imsJl « tie taipe of gvv* UVt nit, bydropen, osjrjrm. ftitrw 
ad btUum that iw *WI uaniao it ta oboyi^ •eenraUff. Otl 
^a iQcl at aolpbnr diosde. earlon diotido, ted umoooi* ure a 
naprcuilfe lltn tbt U« te<)utrr» i tbtit Ttfoae is ndnttd to I 
vita bill «l<a tl« is doaltcd. IV'Ua «« ttitft tin ^ala 

ot • gas it U el«s( ve most giro slw tie teoperaton and pressan 
«IkI tlis is messtutd; tbs aonaal trmptraluTS »d )>ma 
(N.T J ) aw Uloa w tbe me!uni;-poml o{ iee, and a prSMan 
'6 etoi. of to«tctirf at O' Centigrade. Tbs above etioaUon ms] 
wniten is a sligMiy Cerent tons- Let p be tie de&eily ef tie 
wben Its pressan ts P and volume V. Emco density ia tbe tnai 
unit roltune tie mass of tbe gas 

m =sVp 

ot V=»in/p 

Hence rV=^-” 


or 


P 

r rv 

-**-—=* const. 

p Vt 


fcnts tn is Constant vtbiJe ws deal with tie same mass o! gas. 
Any cbsnge which tahea place at constant Umpcintare is > 
[^Stbernsl' change. Thiu Boyle’s law tbe isoth 

latloa between the pwssnis and tolamo of a gas. 
hotteemsl ElasUtHy ot a Gas which obeys Boyte'i Law.~- 
aas of gas occapy a Tolunie V at a pKssnre P, and suppose wh 
resmua is altered by a amall amount to (P + p) tliat tbe v 

e(5Qines(V — e!),thet*iapm,tMjeieniainmg constant. Tbeia 
1 stress is p and ttis strain it produces U c/V, bence tbe isot! 


« rV from Hoyl^’i la* 


Hut (P + f)(V “ f) " 
or -IV + pV-pr^u 

Now v ant! r fnn be twitle M ijnatl M we plfa’'*, fi^ 
rrmlacl I* ™'1« ■« »■»«" " ««'<■ 

the other {erm« of tint equation (w p- iO). " } 

neglect tlio lliirtl term, and 

pV=»Pe 

pY = p / 


Thus the iaothcrmal eliwlicitjr o( 6“ “ 

E is usually giren in ^7“**/®“** Vl^AMfore bo «pr«^ 
measured in cms. of mercury, P « 

dynca/cm,* Taking tb« «<>«"»' ,e bieb io^ ^ “ 

weight in dynes of a colnmn of roercuTy 'j .„ 9 S 0 , 
in section. Since the density of mercury is 13 6 and ? 


r« 7C X ! X I36gins./cm* 

= 70 X 13 0 X OSOdynes/etD.* 

1= 1,010.300 approximately 

Thus result will be required later. ^ I 

KI..U. Th,or, ol » 

many facts that bare been accumulated y 
hypothesis as to the structure of resp« 

theory b the one which has P**”^”* ^^bstoces s« h> 
According to this theory it u eupp<^ that ^ ^ of » 

np of very small particles called molecules, jn .irapHcityi t! 

is composed of fine granules. We may suppose, -„i,ereg are 

the molecules are small spheres ; then, ^ dKintersp* 

contact, the substance is not contmuous, hut there a 
between the molecoles which are unoccupied y 
further sapposed that the molecules^ are not iaao 

with their neighbours, hut that each is rnovi^ to m 
tinnous ^ate of agitation, soroetimes moving „ *ep9 

collision with surrounding molecnlee. In gwes *"® fl Jjon, e 
tion of the molecules is large compared with the d o 
single molecule, so that considerable freedom of . .‘7 .f, 

In liquids the molecules are supposed to be closer 
' lugb a molecule may thread its way through ti.e 


„y- - 


1 1.Oll/I.HfcA Ut wVfk’t^r 

lolidi tl.e KoUoa 11 irtJll more mtTktfd ; a rst-WoW o»cwU?ft 

10 {to iwsad A inPtn jvo^tioft aod U iwr«r (»t rctno^ rJ frooj It. 

If tka nwleculfs io ■ iolid fKWWJwil ptrat of moi cmmt th« 

skapa of *oljd WliM iTDalil TOMtasiJj ic flAtipng ; gawf. *» »« 
Vao'sr, occupy tlie athola \oImne «( il»« cooUining we'd, no matter 
lio* tkU ia Tarird. It u rasy to arc tli»t ibr roolccuJar acparatioa '» 
greater in g»*c« than in b'^uidr, lor *lirn a gt* i* coBTrriM to {irjuiil 
tbeta IS ustjayf a large decrease »a ctdniM- Ttus 1700 c cn\»- of 
iteatn. etbicli u sestet Bi gSKOis lorn, wndeoM to form I e.cm- of 
water. Tie tkeory ttippows aI»o tkat tke bolter a Isnljr L*, ibe 
more riolfft does the Boleenlar agitation bteotne ; in f.sct, in tlie 
utapkst ta» ol gisra, tt is ass'scaeil that tlis tccapefature is pro* 
portional to the average bnctic energy ol the molrcnlea. ^n brrrase 
ol temperature, which means an increase of beat within the nlv 
stance, thna coReaponds to an inrtease in the ki&etie energy of the 
ffioleetdcs, aad «e an lead to make a (orther lupposition, rlt (hat 
beat is merely energy. This is • new of which the rorrrftnrsi will 
be etUblished in Utet chapters. The kinetic theory giera a fjnaliU' 
tire, and ia some cases a qnintiiaute, explanation of a numVr of 
ptopenita of mslter. Thtu the pleasure of a gas is doe to the 
boabatdment of the walls of the eontaining cessel by tho rapidly 
soring moloenics. When a body is compresW tho mnleoutei an 
cored closer together. Again, io tololien it is supposed that roole- 
;ales of the solid become detached and wander away through the 
nolecules of the liipiii!, eo that it wc could examine a cuatite quanUt j 
si a Bohrtion we should find it far from homogeneons. Similarij 
porous bodies are those in which the particles are so tit apart the 
the molecules of other subetances can 6nd their way into tha intit 
etkes. Or take diBowon : H a Jew exois. of copper lolphatc solntio; 
are placed in the bottom of an uptight tube and the ictmundcr i 
filed mlh water, it is found alter some days that the salt molecule 
have gradually wundtitd thronghont the whole rosss of Lqoid, i 
spite o! the fact that copper snlpbate ia heavier than water, ^ 
process 5a called flltlusloo. Gases diOose more rapidly thah liquic 
on account of the greater freedom of the molecnlw. Other apf be: 
tions will appear later. ^ 

PROFEmes or Ijquips. 

SurUcs Tension.— It has beenstated that liquids do Mt perm 
. ti^ntly resist ehange of shape when their volume ia unaltered ; this 
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• iooor pioeo of ptprr. Poor inter » mo m«i " . 

tbe p^pef} tbo bqaid doe* not floirout 
incrMM It* oojtaee befoto it cu noapo (bnof* ^ 
hole*- . 

ExrsarasT . — Thetorseiioa cf • 
ead ol tnrtictf tube etahoimittted 
to * circle et tnre • aheet of tfiia rubber, raeb •* 

• toyb&Qbon. tWii»al*rnp»doitf7 pouted , 
robber it fonis • peodut drop nrj otoJar to , I 
drop, and finally coDtrscU tibo the Lqn-d mb? • 1 

Cecil More It bieafa. ITheo tie iqwd drop* »t ~' I 
ol the tobe «f* false, •“d it tiey are cawed ^ ] 

t'lil 4 «>Pariii)g'> •towly, tbe ftnulanty beooise* more tCribeg 
V«l’>'ilment on liio done in tbe neat expenaest. -tMti 

Umpa- Dsrllo*'* Etp«rtioenL— The formiiion ead I 
of a drop can bo mora ea^y oleereed ib by eooe ® ^ I 
''leD'efj’btof Ihcdropfedtciuuabcd- A cooresieot amasr®”!^ / 
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1 fa Fig. ^. 4t tu* anitiiM bas a deosufy eqsiJ tc 
("tnpcrotufce jiot Maw tbia it ■* iLghtly tb* t^oeer ft 
I Imp of anltoe bo fotmed In water at a teisprntoio (<e^ . ■ 
M will bo eupported by the »nrte)and-BS bqtt-d. Theftm*^/ 
• i.._„ ,1-1(11 ahooU ®»” 


vr:.®*- 1 


Ut.N*" *' iiit' *■ '■ 0* 

UBJ the Up iigbllj • Urg« drop rf MsitB* totj I* lon»»d »t tk« 
la finslly foron * oirio'if orok tod wptnrot. snuUnty in Ik* 
n ol kqirid tod mfclin toritees tkm b(«otac* wiy Unking. 

tlwse «iperinieat8 stow ttat tto sut&ce of a liquid acts like » 
:te4 membrane. Imagine a line 1 cm. Jong drawn on the 
, the tension tends to pull the liqiaid apart on opposite sides 
line, and the magnitude o! the (orce pet flolt (eogth ts called 
(ace tenslOQ ot (be liquid. This force is confined to an ex- 
thin skm of the liquid ; hence in the case of a soap-bubble or 
film there is a fully dtTeloped surface tenmon on eaefi side. 

.be area of such a film is extended mote liquid goes from the 
into the surface, but the tension remains constant until the 
1 rapture is neatly reached. In ^us respect a liquid surface 
iota a etretohed membrane. The 
will perhaps understand moro 
the defirution gireo aboTa from 
owing iSuttiabon Suppose we 
wire rectangle (Fig. 8) with a 
n ABCD stretched across it, and 
the side AC can slide along the 
res sa guides. On account of the 
teusioa the film tends to contract 
I the wire towards CD ; if T is 
ace tension, the foice that must 
led to hold it in position is 
T' « TMiltipUe* S tomes in 
e to be uu t into account. For water at Q" T ia about 
per cm,, *• clean mercury it » about 430. The iHuatration 
n shows a typical eflect of euxface tension, viz. the tendency 
luid lorface has to contract its area unless hindered by other 
Thus raindrops are spherical because that shape has the 
face for the same volume. Tins eitcutustance is turned to 
In the mannfactuie of lead shot. Molten lead ia made to 
the tep of a tower into water some distance below ; during 
»t it takes the form of smalt ^bms which rapidly solidify, 
re tension of mercury is so la^ (hat small drops of mercocy 
be ^ble ate spherical in spile of their weight. fEhe surface 
i oU is leas than, that of water, hence when an oil drop is 
I a beaker of water it is puSed in all directions until it is 
•et the entire surface. . 



Pio. 8. 

since both sides of the 
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no 0.— Riao ol W.t« m • Csplltwy T"**- 

cUngs to the glass and by means of its S' 

the weight of the column below it; this gives j , 

the smface tension T. Let <i be the densi y Tj,enthe«“f^ 
height which it rises, and B the radius of the tube, „ j jrj' 
tcnsionacU along a length 2ffR and the ®PT“ ^^7* 
the weight of liquid it supports, u dynes, i* wU 
Ifvnce 2wRT =* wR-^ffy 

\ * 2 

To fairy ont the fsperiment the glass tube is thoroughly ^ ^ 
sBil wash'd out with the liquid ; it i« then fixed to s gradna 




^^Spggggg 

we of a L / “•"“o<»ete,. “ ‘ie ae« ch.p", 

'i,** •<- ‘W«. ta.i„ . 

•■ni^Iar cauje. * ** <!«* to * 

W “'“'»<* Ike 

S®^ 







;■ '""'.r’ 

r,.. !««»"'»*>«« 

t ■» - 

t w-.ri -If »i* ♦«•"■• *''• ^ Ho 

l-M* Rl <*!(■’▼ «'t«l o"> ‘I'* <*"* ”** 

fo#i' »H4 I'lf »wfA 

f*i>*M«i*.* r.1* •••.— »■•''’• •* 

l.i:f • *i.M ii» ^ n«v**»*^^*" 

im •.lit till •'i'M. 

AR ' twl t-r in»4rtnrn^ i» 

A a tt»R* ♦"* W’- 

i«„ ,1 — ' '•■•' •' ' ■• 


Tl« II . ll,’l .1 1.! “ t'*'"' “ • •'‘‘■'.[“L .W* 

ron«T (OcWv *S'I t'« •»**♦ • ’ ' I J 

•*cnt»iJ to * (ra£«!(r •( li**^ bom »!»• *** ’ ?, t» 

KrntniliT. (u UJff r»f<nsa»r,‘4 •lil 
Ifom |44 c*i «L^r« it* J* *"• 

lowtr. , r.-Pre*f'-^ 

A ef tl«ni»RMtr7 ia to l« 

(UAyia»t^>o oWrtrn «t <!iSer<Qt pUi'W to 
iv ^1 ’ eotop»x*W« witJ» Cfs^ *ftvt!.*r. Tbn» .-fcp! 

> . ' ' sulietanes jwl« V. a t^-Op*»tiire of 10 , *» 
leter, obserror 1) ■lenM know aliat 
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beat might U o.«"d ** • ® .jj tcB^. 
tfmpcrotDn; »t pr««t ' 

tb« eipanaion of * trt^ 

a gla» bulb. , Tie ^ 

choMD is mercurj. i 

Mercury ThermometeB-^^.opu*'^ 
the first pUce, is to 
which wiU enable ns to foiO' 

expansion of mercury. -ti> _ _ jj, 1 

the thermometer is ehown “ Ib» 
It may bo constructed as to o • gtj 
carefully cleaned piece of c»P ^jctW 
t«bo b mtroduced a . t ./ {lo! 

- about 2 ems. long, and the leagt ^ 

" carefully measured by means o 
scope at different parts of tbe tube. If the bore U 
j, ' ■ will bo constant. Having by this jlo* 

piece of tubing, bnlbs of convenient eii® infi 
■ lovm in Fig. II, A. The cyLndrical bulb at tia 


end bu the great B^vaotage over a ^bencat oBfc that it caa ^ 
naddj passed tbioygh cetks. Dry, cteaa mctcniy is placed id tB# 
upper teaervott, and the bulb U sit(^dy heated so u to eipel soma 
ait. It ta theft allowed to cool; this wdoce# the pressure ineide and 
mercury nma into the bulb. This procedure is necessary betanse, ^ 
owing to the eficcta ol surface tcorfon, the mercury will not flow 
down the stem except under pressure. By aitemate bearfng and 
cooling the whole ia filkd with metcory and this is finally boiled to 
expel tho last traces of air and moisture. It is now heated to a 
temperature rather above the highest ib is to be used to measiue, 
and the glau at C is sealed oil in a amaU blowpipe flame. By this 
process it is ensured that uo ait is prceent above the tnetcuiy, 

10 Uiat it can expand Ireely, and the tbem being dosed the mueiiry 
surface will net become fouled with dirt or moisture. H we now 
mark the positions ol the end of the mercury thread which correspond 
in two fixed temperainrea tbat can easily be repToduced, and divide 
the Stance between ibem into a number ol equal divisions, the 
uutrauent could be used as a messa of measuring tempemtute. 
The utctvtl betwecft tbs two fixed temperatures is ce^ed tbe los^ 
mental bterval. Let ns divide tbia into 100 equal divisions and'- 
uumbet them, starting Mow, Itom 0 to 100. li when tbe tbemov^ 
meter is put into water the mercsxy stands at tbe 16th ^vision, it;g 
todd be taid that the temperature la IS degrees, meaning that-lhe v 
difiercDM between tbe lower fixed temperature and tbe temperature * 
of the water is 18/100 ol tbe fundamental interval, ^^his way. . 
Umperatntes read by diflerent tbemometm would up^dneetly 
eomparsble, provided, of courso, that the same fixed potnU were' 
used. VTe now pmeced to show how the fixed points an chosen,?^ 
^termlasilea el tbe riied Palstar^Thenonincten filled sa above ; 
are us^y lelt lor eome weeks m order that certain inegulari^es^ 
tnay diuppeai wldeh an caused by the beating ntccsiaiT to blow 
Ihebsih. If ofts of these thenaoaeters is placed in pun melting ice 
•u sueoessrs days H Is found that ths meteuiy stands at the issse 
pefct on each occasW. Jidtiag m therelon provides ns with a 
sta^rd Icmpetatsn wi3^ caa.Vesday .bo leprcdwed. In a. 
siiuasr ssnaer, if the Ihermooetet b rfcMiy soRounded by strata ' 
I»a bwlinj; watrr.h.h ioued thal.Ua meteitry alwaya 

sUi^ at another fl^pc^ on the etna,' prnidrd tli't ths height 

mthsbuometoikthssamet&ttchfspcnment. 'JleeerdaigSy tbe 
at meli^ b»,*aad>l^s hteam'eonhis bom .water 
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t!i» ttrpfr 6ip<l f>i»)at b J.»»natc»ii. ^ * 

ii)«l»pfcd<nt e( any Icipont*^® dj«KiIre>l *' * 
thfrroonutn U plic^j ta i«#. ami talt U ti''® •d'M^ * f.rsr*''’'* 

falU coMjVlfralily ; pur* ico ibm« ihrrtf'Jf® l>« ““ 

tb« lower fiz«l point. . .Vjnsi* 

A iimp]« apparatui for detertninbg the atram 1’®'“* “ I, af'*’ 
Fig. 12.* Water ia boiled in the copper reisel A, aod • '* ^Vtf! 
c’ ’ *a ahown by the amw*, eacapea by tb« fent 

'Je, otherwiao tbo rapid production of aica® B*7 

tiao Rirtoo aod SlMh.“I^Ced rbyaiei" P* 



• pressure in excess ol oatstdo ; the water gauge D she 
whether this is the case or net The thennometcr ia placed in t 
iMiM tube C with the exposed end nf the mercury thread just abo 
he cork. As this tube is aonouaded by steam the whole arranj 
neat endeatly secnrea that ita are at the same tempeiatuia 
the ateam and the thermometer, acd there is no 
tecxlency hot heat to paas troiQ the bulb to the 
outside by radiatioB (p. lid)- Let us assume 
that the barometet steads at 760 mm. After a 
quarter oi an hovit the tempenture becomes 
steady and the position ot the mercury thread is 
roarked on the stem. The lower fixed point » 
new determined at once. The thermometer b 
placed in ihnnngs ol oeUmg ice t contained in a 
g)a» fuLZitl (Tig. Id). The mercury at first iaUs 
rapidly, then mote slowly, and may finally rUo 
by a tauQ amount. The lowest position it 
leaebea b marked. The mterral between the 
two maiks b then dirided into 100 equal parts, 
and the diruioos may be extended above and 
below to enable ns to read temperaVurea above 
100* 0. or below 0* 0. A small bulb is usually 
made at the top ot the stem to diminish the risk 
I breakage, ii, by accident, the appamtua ta 
sated too stron^y. 

As mercury beeses at —40* C. a mercury 
hermometer cannot be need below about — 50® ; 
or lower temperatures other liquids, such as 
deohol or toluene, most be employed. These ta —A 
xmemetets sbo^ be oompated with some 
m oi standsrd theraometer. Uercury boib 
A50®, but belore tins tompeiatuie b reached oonsid 
aporatlon takes flaoe vrhtoh reduces the amount ofliqmd 
em ; then is also a tendency lot bubbles ol mercury vap 
tm and break the thnad. For these reasons menmiy t1 
leters 'cannot be used to measure temperatures sneuxately 
bove 250" C. ^Bomo Ihennometers, intended lor high temper 
oul^ oa^inert gas libs nitrogen .Id the upper part ol thi 
},A nwiieefet VreakiasupkelmoSae ihaTiDnb'i 





This, by its pressure, raises theWIing point (Chap, 
the breaking of the column by bubbles of Tapour. 


tne DrcaKing oi me coiimui uj 

be made strong to withstand this pressure. ...Mnstfiltb-* i 

In the determmation of the upper fired point it wm _ i \ 
. .....I.. A TirMAiire of 7C0 mm. oi • , 


ermmation of the upper urea pomi. -.ji-crr; * ' 

the water was boiling under a pressure of 7C0 m^ v^'lCO’C. 
this is not the case the temperature of to* li« , 


^ ture of tie steam wUi not ^ ^ 

and a correction must be made. ^ip. ^ 

boiling point varies with the pressure are desenbw ■ 

Let us suppose the pressure is 760 mm. . fro 
boiling pomt it is found that under **»^Pf'**^ tepposaj'^' 
99 G3'‘ C. The distance between the marW f 
ice point accurately determined. 

We may calculate by simple proportion whm t 
to 100° should be placed and mate it according y. 

Errors In Mereury Thermometers.— Even wheo et*^^ , 

has been constructed as described above, certam i 

to be applied when it is used for accurate work. ^ ! 
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too compUcatnl loi tbe fttseal book. To teit N'c*. < the folloffing 
etperiment may be performed :— 

ExriBWKT.— rijceetherTBorMterm rtebo8!T»gj»'»V»rr®'’''°*^^'‘S 

iMTuigHieeUmbomiWtolOQ’eipowd.koTelkecorV} nnle ihetfmperttxinr 

«hen It beeomw »t<r*Jy. Ka* poih tlie iJienDomrter ItroBgh tlo cork Dntil 
merely the top ol the merwitj i» 'rasbie. Tlie reiiioj •^U be kliglitly gtetWt 
becattse the meTCnty between the 50* end 100* diriuon* tan* beeoiDe hotter lod 
bu expended. 

Let tj be tbe icmperaluro ol a batb u read on » tbetmomctri 
Rben n dixtawns ol the tbtead *t« exposed above ibo satfaee ; let <t 
be the mean temperature ol the exposed colusis, and O' the apparent 
eoeffi^enl ol expaosioTi ol mercury to gloss (p. 1ft). Then the troe 
tempeutttre q( the bath ( =r|+fl<r(<i — It)- * proof of tJuj 
lormuls see p. 51. This comettoo is tmceTlaio since is sot 
knoSm aeemtely ; H shoold be made tmaU by imtaertmg the 
thermometer as iti as possible ; tr may be takec to be ODOOl^. It 
<2 ws 20° and 1^ o 99' 9° in the above experaoent, the true temperature 
is 100°, 

Snsxcnif.— T» Wt the tTmt««nb)an* ot the tomttiea {laaem the 
ihsmenetet ui the Uat cTpenineat to diBetrnt depths, read by soothes 
thermoaetet pissed enr the middle piHBt o( ibe txfc*ei tten, ead eslnlate L 
Oiapasethatenlu with the teediasobutoed «hec ell the ctea u imeMreed. 

Kearly all the eometions given above can be loond by direct 
compariwa vrith a standaid therawmeVet. The two instruments < 
■'*e placed in the eame batb and their coiTeapODding readings ob* 
tved at diSewnt tempeiatnw#. A table « now drawn up showing 
i« amount that must be added to or subtracted from the reading 
i the BWOTiect VhetmonjeUr to make its teatoga agree with those 
I the etandard. From these a curve can be plotted as in Fig. 14, 
ildch enables us to deUinun© the correction lor any reading. , The 
sading oi the incorrect tfaemometer ia shown on the hoiitontat 
iat, and the amount to be added or subtracted to get the true 
^mperature is indicated by the vertical distance of the curve from 
the axis of temperature. Tims if the reading b 60^ the curve shows 
that O' 18° muat be added. 

Thememetets lor Special Puipo«i.— ifosimum and Jfininiuw 
IheTTnometeri. For some purposes thermometers ate required which 
"'^'.•how tlie highest or lowest temperilnre to which they have Uen 
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!>• I 
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m.Ui I.. Q i» H’-"! 1” «* '■sW "l™ >; ,i,ra;l 

tnf-'filut* *'T *■ 


If »fi» l«np»ri(« 



in*tniinont« arc cet ready lur use fcy chating tie index *■■ 
with the lurface of the liquid. j v- Jnr.tef»- 

Fig. 15. c, ehows a clinical tbennometer ^ bot 

the boro is constricted, the mercury eij^ds 
cooling t.itcs place the liquid column breaks at tne 
the further end of the thread shows the maiimnin te^ Ij 

Sh't maximum end minimucn fAcrTnooMfce, 
gardeners, is shown in Pig. 1!^ d. The bulbs, A an _-,cOiy 5 
alcohol freed from air. are icparated by a column oi ^ 


)f metc't'i H 

Two dumVbell shaped iron indexes, D and C, are 
against the glass by weak springs. If the 
.liquid in A expands and D is prAbed upwards ; a fall in to I ^ 
•i .ilarly causes an upward morement of C. The springs _jg8cl 

' la its extreme position srbea the mercury retreats. A 










ESAMPXXS OS CSAPTER 11 

1 h nraat ij ■ 8c«}i) oi tempcnton, tad on wbat doea tb« deGajUoo 
ot «nf particular acalo depend 1 (la ’D7>) 

3. Ocatert ibeloQovi&g tenpeiatant bcaaOkO Cestigtads Xt> ihe FabieaibeU 
Male 1 SO*, — 19*, — :73, tOOO*. Also find *t »bit tomperatizre tbs tiro scales 
agree. 

S. Tbe tenpCTtVim o{ t blood is 9S° r^uid 

tbs tcoTeratate oa t but Baraiser'a daj is ^ 7. Eiad tiie oomspoadiDg 
readings on tbs Oentigrids sealo. 

. 1. A. Ihenaooietet vbich baa been tested in tb« asaal «t; ia tank to its 20° 
Siatkiaabij'md uidreadaM*. The mten temperstara ol tbs rest oi tbs stem 
is 25°. Find the tras tcrnperators ol tbs tiqind* tbs oosScient ot sxpanu'on o( 
■ merciuj in glass btieg CKIOOIS. (L ‘08.) 


CUAITER in 


CALORIMETr.Y AND SPECIFIC 

Heal aa a Qoantity.— Up to the preset 
efiects caused by changes of temperat^ inTo!«d- 

it is possible to measure the quantjUcs o 
now consider this point. Whtn 100 gms. o£:[5‘« 


IS point. ** “^“ *'^ 6““' 7^, .1. Mpspersi®*;' 
of 40’ are iai«d with an equal "i A ^ater bsi 

the mixture is very approximately SO • 


rilC mixture « >er/ ^ 

and the cold water has gamed >t. 




whoso temperature u 10*, are water 


080 temperature u av , are j>vu»ct. , i.. ^as j*r..i 

20’, the resdtias temperature b 35 . Ti® ' .w jedto*!**’^! 
e heat than in the first expcrimfDt ; *'® 


more heat than m the first experment , 
of different amounts of heat a^ therefore of “ , . |L J ^ 

physical quantity. The first point to bo s« htat 

taken as the heat unit. Any physical eban^ , “f eoa«8!'’=^!' 
may be used to define thb ; it b merely req’'^’™!! 


IS merely a uibi.--. -- 

measurement that influences our choice. Thus o y jjfii 
e gram of ice might bo taken as the unit, psai**®’ 

■ ‘n assuming that it takes two units 


melt o: 


iustifjed i: 


define the unit quanuty of beat os that required to ^ 

ture of fVm- of lotne sundard substance, ‘j^at *< 


To robe 'lO gms. through V wiU then require 10 1 1»; 


it jnstifled in wsuming that 50 niuts mart to suj'pi*'-" jpiiitH 

tifoegb 60“, fjr (bo heat necessary to raise the tti^l 


oil* c 


ssigl.t differ from that required to heat the ram ^ ^s.| 
say. iT to 41’. It must therefore t>e spcciiled at ’'“‘'"A 
teC3}<f»tars srale the t* interval b to taken. AlthoUg- ^ 

^ •srfrren.entf.o thb p«at. that mosttwusJIych®^ 

'• TU 0811 0t iisai IS then d-lined as Ih# aosatw j-i 
. ... .e.slsrfrsffil).'? 


3 rstjs ths itffipsritiirs at I gm. of wsfrr If*® v 
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k h'u'l 


, i;i!» 'i 


^ r .v.M •'■;'*■ 




O 4 m».{N •■vi/ 1'** ' 




'rrrK-.w'»'s^ 


Ctiv^'vv** - t.t •**•»?•?•••''« »» 

•fcl •t'** «i ‘k* w« •»•• 

JW?*. 1»« l-t.Si «••»• «■•< ****'”. 

*4 l^« M\«r. tl** «•• »•<■»■<* mt^ 


n« asaut tr »« *^*T, 


‘ (tan t( 

(b* (Ifti 
beat el ir#Uf i» unity 


I I tatauTO 

It. (I... l.ot.r.l.r.. 


teas fli iraur i* unit/ •» •.* — -- . , 

tb« UmjWTaluro ol I sta l-y I'. 

tin p.3I, we ahall aii-jnio that iiMCaity *'•* ' abo^^i 

0* ij«l 100’. He flnt «f lb* »«o eafena'StJ p 
that the ipcciCe heat of copper is greater than .a j-ji 

eeeond that tu^nUoe Ua a kea sperific 


•eeona inai »urveuMu» «.•« - ...•- ./.—ni 

the deCnition, if the ipeeific heat of a subataBce u * ( 
at all temperatures), we baee that - ' , J 

To heat 1 gm. of It through r retjttirts # cals- 

.. mgms. „ „ 1- .. 

„ »u ,. fromtj tofj .. uJ 

This expression is a fundamental one id calorimetry^ 

, into words it tells us that : — When the temperature of a ^ 
the number of calories ahsorbed or emitted is obtaioed p. 
nlying the mass of the body^ by the epecifio heat and . 
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foJJop 


'00* 7. ^ b*- t 

' -to*' « 

'■w! '» v,^ 






-f-pe, '*■200,20 , *^‘”*Soe»h.. 

:i'^ 

• HH . '*■’ <1. fe'*'-. i!; J 

'"ft*«.ur;""-''-*+. 



ml-. .,. orn »■ if-ir 'ji '1 to MBE""*’ r*’* 


.innipt”* »l'” »"-'«*'? ’i,, b praK-K^, "l J 

contmn* ^span.I*. and t(i» ipmiwMtaf' ^'. Es^ 

lb» U l'd«>, u in IhP mti-ntr <lit'ni»“‘"'‘^ ^ 


of «*r' '’'^1''! 


* '** ’**' ' ^ 
r»ri«rtt>rT-n*!l M 


V.u,. .Iiiik 1. i™ wi. rt. l„ V 

' riM in ««Riprr*ltir« U ronehl/ *‘.'!r.^ 0^ iSt®* 


n« in ..rrp®Min« U fonghl, 

' eopppr lti®n in ihe other, .ho-mg tb*» e„pper «»>“ 

Ihwgh •pproJ.m**'!/ if** 

*» mneh heat «- '"•* 


mneh heat M leod. . k. n-ttia? “*•** ja.iP!«r^ 

Fa»i»iv*sT.->'*rT th. otperimcot by «»<*>• 


100’. T6« bulb ooouuuog toT»n«*f’ ‘—T hrtt...- 

, .. lb. .H.1, .h..» J ib.1 .hi. hqnhl 

Ibaa iraUf do«8, or iu tberii>»I copnoty i» ««». » * ^aJlH 

ns,tfU'=ty‘^Ztt 


f Tlifl number of calories reflolred to ebMa» tt * letsl"^ 
• gram of a snbjUnce by ?,Sionth4tti‘ft; 

(he ^TOD temperature. ItfoUowofromthude .T yto^^j 

heat of water is unity at 15*. «nce one cJone «a 
tho temperature of 1 gm. by I’s f 

on p.3J, we shall assume that it is unity at aU f aho”‘?1i.( 
0° cud 100*. The first of the two eipenmeats gi IP 

that the specific heat of copper is greater than t » ^tcr* 
eeoond that turpentmc Las a less specafic heat --^edP*^ 
the definition, if the specific) heat of a substance IS # { 
at all temperaturesl, ^ have that 


To heat 1 gm. of it through 1* requires * cals. 

„ TOgms. „ „ 1* .. *"* ^* *'. . 

.• »» ■> n from r^* to /g* f, ' - 

• - ' \vLci» r* 

This expreeaion m a fundamental oae.in caionmelS'- • _ 


This expreeaion is a fundamental oae.in calorimels.^- * _ 

' into words u tells os that j — ^VLen the temperature of a tod.’' Jj; 

the number of caloriea afsasrhed or'emiltrd {» obtained 


plyi;^ th. m» hi 
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'“ta <,r,w'r ■"•'""°^«r«tod‘™,; t •">- 

''""■Uj n, 1,„. m «J„ tlf,7. '‘”"H I 

toi'jnmetor, V' “<1 ot 

'*' tobnmn,, u 77 '"JP'moto „( >■" tmaijc, 

‘""Sid ,1. ,,•'■• "■»! ,. » 

“ nmovrf, n, l.nr «,t | 

^ I 
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» ‘“'■J ‘‘ ^so-; 

I I IV! 

i< <•]„,■■ ■,*'*'‘>ru>|f, , . ^**«'» tic L-J’'"' — I r 


, •’■'r'«a<,« ►_ nci.r.?. 

,;■ “ • 1. i» 4 c. . 

„ ;~i'.' *,—>.1?. " ft!. 

• ' “>" (IluL '■' f 

w n..» * K. * ^ r^taa .J 
. IT- ej-«4 


.urroun.l.ns •'“'“l''''".’^' ,,J .t cnMt*»‘ P,'"”,” t, SiM >1 

work. A» wilt ko 8fen m P doe* g ^ 

ol the heot ■"PP'J.'‘„‘“.“;“„ . gu i. .Ho*"! “ .«.* 

tmpcnituto. P**".'*“ ;.toiaise*“*®®P"’‘*“”^TO^eaiiia' 

pcflormanco of work. 





«lori»u,E to,, " 3 

■W7 biS S'" ““* i»»'»rf m . toir”""' “' “ '»»- 

L 1-r.il- **®P6Wtnre. Tha ir.. »v ^ ^ niamtained at 
» toown tempsratare T ti entered the calorim * ' 

'< >1. cWtoi,, a„i ^ ^ "“fs- topmtu,, 

^ ^ WT-?L±^\ 2 ‘ 

* 'te tpeeifio heat tk» ». ' 2 “ ite masj 

*'» p. (M.) ‘ “ «»>• m^Z STT’» 

lie to, mult. (S„ 


A, I (0 1 "f But,. 

AiJ/A' • . 0241tlT„ 


V!' 


• 02417 

• 0-171B 
. 0511 

■ 0^0301 

• 0091 

• 019 

3 402 


1 .*> 

AiiiJu)|, 

Biimnth 

Copper . 

Class , 

Hydrogen 

. ■ • 3<02 I ■ ■ *.•(>( 

^PpUeijlaji, .^.i • 

“■do *" 


Ice 
Iron 

lead , 

Mercury 

Tontine 
Zino 


0-S03 

0-119 

0032 

0 033 

0-43 

0-093 


r^Murr, if. ^ tic 

Mirrnnn.ling .t eenstaflt 

hcnco wbcnctff ft pft-' \Ucftft^*^ Aotors^*^ 

work. *>*ill I' "7 

„[otmsn« ol .o.k. Iootl..t«o™. 



- CAUORIMETBY AKD SPECIFIC HEAT 

cilorimetet E, finally Mupifig iato tte atoosphere at P. Th« 
was kept steady hyaheriog the cock C so that the pressure i 
by the manoioeter 0 was coostant. The heater consisted 
spiRd ot tne copper tnVmg ioaaereed in a inainUi 
steady, high, teiDpwatQie. The gaa thus entered the caloi 
a knovn tenperatare T. Here it p&aeed thioagh aootlu 
spiral inuaetaed in <<rster and was cooled to }he tempeiati 
calorimeter. Let ii and tt be the iiutial and final tempej 
the caltmmeter, tiien the firet portion of the gas was coolet 
tft <1° aad the £o*l pettien from T* to t*‘ ■, the atetage tei 

of the calorimeter daring the passage of the gas was therefc 
and the heat lost by the gas was w^T— U m i 

and s its specific heat. The heat gained by the calorimet 
eonunts waa ealcniated in the unal way and hence i e 
''•tag to the time the axpeiiment Utbed the losses by c 
)d radiation were large ; an error in their detenblnatJc 
) bare censed n 3 per cent, inaccntacy in the final ri 
U o p. tOd.) 


Table x>f Bpa^ Buda, 


Ait IQ,’) 
Air<G,) 'Va 
Aniline' 

■ Bismuth 
Copper . 
GUm . 
Hydrogen 


. 03411 
. («T15 
. 0 5U 
. O-03W 
. (y094 
. ttW 
. 3 402 


Ice . 
Iron . 
Lead . 
hlercory 
TnrpenUne 


Applltatte«s.4^MoriiDctry baa some important Sv. 
^hnicH applka^c^ other thas^he detenmnation ofap 
For ezampi^ it fa impocteut to the cheimalto'k&dw hoe 
k .u...vrA „■ _v._ '-V i-.» ,v 


,fa ahsotbM or ev^r^ when chemical changca take ph 
tte engmeer U fa necessary -to 1 d»w“ 1 iow much heat is 
e known vei^t of diSetent kinds cl fneL Tlw 
^ made'to take pleoe'la special kmda'ol^MloHmetei 
brat erolrcd may m tceasni^ as in' the i>n«edisg^|^^ 
' ■■'■• ,Dtttap tand . » ' 

l-thna oi the tnee^lMte' ’♦ 


weight 




eight i*i conjlant. Regnaalt .^*1 . tbe mean ®t, 

J K the nistnnws were in the jda • • 

product {atomic tl;e tcrop««‘“® .“ ^^ibo* 

of a iulwUnro is found to j j^ent it 

ll,e hw cannot be nniverwiflj tme^, in^Ucj.^^ oarh 


:i;;;.'';i;.‘.'!;rir,c h»« .1 ■«;? 

_ 250* C. than they are at the temp* 


EXAMPLES OS CTAPTEP. 

I A niM of 200 gtnt- of wpper. »ho« ^ , cep^^ 

„ 25*8m»- “d f*** t*™perawr» ti-a to ^ . 

A copr«r Tfesel eonuioi 100 £«»- 

w»2r tt SCpTre added thornnltioR t*op2);S?»f „,b 

U the iratoT equJTalrnt of the Wito ) W pw- ^ 

eontalni 100 eao. ef f U W'. Fied th* 'T'" , 

the resnltiag tempow'"* ^ “* 


the resnltiag temporaiore <4 «• 

thecoetaL (L. '03 > hut ofa?**'^ . iCC* 

S'ui- Wra*”" J^tto V^L-nrUr 

A Eigh^ p»a of -.‘‘r 
loro of the mixtura 



CHAPTEE IV 

pMelni .t E ‘"■“s™ 

'"“■>• 'mtott, b ’ » leih i““ B.l„ 

I 3“ ■ W ii »,.,, , ‘ definite Bt 

"■■-srtS-Sr“’SSsHi 
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Tl»o 


I„M r I!i> 

I, U(i-fij!_>+-f> 
•• * + ^'* 

or. O..OS •!.< •>«■« OPP"-^""' 

imall qauiUtiej 

h 

' i/j 




-(l + b») 




oUhe 


\ SnppoM we reqrjire iht r»tK» o. - — -u . {vCOt*®- 
o! a b»r whoee coefficient oX Unear eipaasion “ ^ 1<C10W 

accoate ictmnU gire. 1-0015W. the approiunate lor»n 
ptacUcally the eanse remit. From the Ust equation w 6* 

' 1= 


; S' :k ;:r » sssr;’. r?.”‘ “• 
Sr " •"■ ^“r-- S.'s 

opoa pa^^, The rod AB ^ il"®” ^ 

.^'■w the end A it u “P Matre of * 

l"'tmR aLehUr »,„ “ belr«a two « , ,, tube C 

|>. .b.d, ^ZZX’^7 S".T“ p» 

05 mm. The ,; Tieenc 

d.t,„oa, • if it'"'"'" of thS^rew f S’®'™ 

‘/•WO am. gj4" '» « ‘onied through ,,^71 “ 100 


Ssgssipsg! 

-II- Mil '•M '-■•• ■CV^'r*'"* •'“ ?.sr"*™'A 

too. 


^OlJ «»’. 

^xC-Owtusi 

(■) r 

3 ' it’i'* ‘'/'S'" 


I «* rovuca cf the 


’'*■ ' ■ “'"'nEAT ' . I 

42 . • wsvj ® ' 

t.,t .!m« in «» -r-'' “ 

' "n™ aireel'O”- ” fc i tUt nsrf »1 •''' 

be dcscnbed, wlucb, in P t cbca 

Buienn ol WeigliU end Meemiee. _ o,, . pel' 


„„ pollen in one ““P”^"! j,, leoglb by . n"*"' j„p, t.» 
thionsbont the P"*" P** ,opked by . 
the olhet eopnpertm»l . rae ^ ‘'.f'’. ^ee^ ^ 

eirenletins P«e‘ "tJTy rTbe Uqeid. ^ 

Ihemomcten planed topinnleuy 


Tto. ei^OnnpenloP Mrlbod ot ineM«®8 ®*1* 


r». 81.— CoBp3r»to» u«ow 

trough 


trough contain, a hf •rP«‘^,\r 

exaetlT ®Be “ the rxpctunenUl 

,*ro« dUtaaco aw al«> ®,^4nm" m<1 tot gi^3 * T, J 
in addiuon. arrange^nta tat. The 

Of longitailinal duptacemenU ;jl,„ rod ««“ " 

. „n to and fro on a .mall tramway w that eit rJpK ^ 

-i, U-naalh t»o vertical microwopc* A. A. w ^Icro^^r* 
'drr-rnileelJy of th. rwt of th« apparatnj^ ^ ^ 

'Sr^wiw. « thaay..pi«a. which can 
«7.w with divUe-d hea.1. mmilaT to lha en» alrcJW? 

'ST^nTeet el tt" ™l. " >»■." " ““I' 

, ■ “ib- b.<»* b-« 

■ r-w . *=-vi» 



rite of s wsteb U regt^Uc! by tb*! T „ji 

il»< cml eiA>« p( tb« t>«]acce •SH'I. 

t!*(j ♦Iwtieiiy aiut iRcrra-ws tLe »iw of I 
«jj4rs tir« »«tcfc to Imp tiov, ibougb it t* 





ThU wwnintetbftUttCcd by caosiug tbe eiparu 
bring tbc wwgbl ol tb» -wbM raa sextet cestws. 


rtrtsvMtit-— nWpoIwwaOetnt. tang mi t •'J® • “j" 

P ol itiMJ t<» lorni 4 eo»|<ovnd rtnp d A* »»® a iragA br»t tV S» » & 

l<N«iiiir* cnr^ad niA Ae duo on A* oiitude. Il»» U becsnsa tine eJip 
<n Am ITOB tnd lb« I6»t4i» «« only Ake np Vbeii Pppropnitn Itoglh 
rrmgln Al< laanorr. 


The wime ynneipl* is mppbed to the bstasce wheel oi a w 
'ig 2ti The tia u made ot a compciiiMl strip of two or « 
leuli with the more cipansibto meu) 

Qteidet ss the te>npet*tsio rises tbs 
trip rurre* iawstdi, and compeOMlioa 
nty be stuiaed by properly distribcilsg 
.lie wMgbt t! the rim. 

U anil be sotked from Table 1. that 
lanr bss s eery tnuD eoe&ciest ol 
ejjMMVfjft ; tt sbWd, tbwiote, piovs 
Ufctnl {nf ri>yk peodotums, sUs^rds of 
Irngth, etc. If • pieeo ol iron wire « 

VsM tbmgb a gUss tube. tb« ioitt 
ututlly ifsetnrre lu it etK>b owiog to tbe 
.ei^nsl Oontrsction ol tbe two tobstencee, risrioiim sod 
I M((tpef «ttt.ftwkel)l*e«. wtlvjwfl la Table I., about tbe 
ipurrion u plate ; beoee they isiy be cwd more safely b 
urptwi', f 5 Is tbe eos»uortioo ol artsdfscent electric knj 
Tl ut-Uifioaed driDloag-plasaca Itetjwstlf eiack if bot 
« I-onttd tew ibcm owing to tbe nae<}oal expsnsioo ol tbe iat 
inter Uyeta GUm is a bad eondsetoT ol best (p, 115) 
i iftieis tbe is]i)d r^abesUon ol tcmpcTatTire ift tbe diCcmit jw 
r(i»«d rjaart* or abca has a aery tm»U espnenoo ; acsscle t 
tli» nay be pliHip<.d iato a fety bet batb witbout 

Ij'skspe, 



exAvn-Rt ris ctiArmi it 

‘ 1 eiAMlreanie Ul44uat t J »w»!« J u tew «bi 

tec k u «« «\«e. V.sA sSi%lWT»*t»{w nt«t tkS«Cl ty iwflf 
a iko^X'iKwt fi Lin-u eirwBfcr* t* liOiXWl! 
tel IMS'S'* *» If, 

t ik<A t« V«i4s>b4ri«cn^ latP*! IWleejaljs 





effccUte. TLb is eoonteibalMwJ ty cansmg tie cipansion 
ring the welglit oJ tlia wIimI rim nfaret the centre. 

;v5 tu»*^--IU«t»itripvl*iMCO«m».Jooj wd I cin.*ii2a (flesieinar 
cii iron lolorai* eQtnpoondWripeI^®*»®eV*®Stli>®d^**t''’in kfiiia* 
cvrrnl with the sioe OB Ui« oBtodc- Ttiisif bccsmte non expuds 
> Visa iroo »!vl tke bmuU w« only t*l« «? Uwit BpproptUW Uagtlu ty 
-lugiattiiiininBet. 

The esRie principle U applied to the bnUnce wheel o( a watch 
g. 21) The lira is made of « compound strip ol two or more 
tals with the mon expansiUe metal 
Uidet as the tenperatoro rieea the 
ip curves tna’ards, and oompetuatiOD 
sy be attained hy ptupctlj dutribatin^ 

.« weight oi the rin. 

It will U noticed Irom Table I. that 
lUr has a eery imaU coeCeient ot 
xpanntA', It slinld, tbmlorc, prove 
»^(u! {nt clock pendulamt, staoderds ot 
I'nirih. etc 11 a piece ol iron wire b 
lesled through a glass tnW, the jornt 
D'usllf Iractim as it roots owing to the 
Ebcpskl tnnlrMticti ot the two eolwuncrs. natinnm and nickel 
i(crUlSp«(M'st.tucl»llliave.ea«hown in Table l.,abo\ittho sauM 
repans’xm as glsM; brace ibry nay l>e usrd more lalrly lor lbi 
purpwe. e j. In tl« c<m»tTurt»n o! iscandteccpVelectrie lamps. 

Tl.iiV-luptiomrd dnoViogi^lassra IrwjutatJf crack U hot wate 
i« ftiunsl ttio them owing to the vnrque) erpuilon ol the inner an 
Ujrr*. RUsa U a bad eondacter ot bc^ (p. US) and < 
’.fTt tU rapid eqns!»BtMit ol tcoprrainre in the diCrrrot portion; 

^osris or sibes has a very eoill ttpawian ; weseeU made ^ 
♦eUtante may l» p)«nged bio • very let bath without Jear i 



Fio, SI.-^BsIuica Wheel 
el a Wkicti. 


tiatstiTS CK rt'.fcTtvsi n 

^ I w V« Wf Vt Wd WWd vttS ly Bcaei ol *e ah 

ti u»^ T.wll^*^r«rnu{. we euKd ly I 


iWInwa UeBMffacvtot Ijw. 
‘'•Ol'wisrttvretaje'. - 
t I r-fj fcp WleSr* 







CDEICAL 2XKAKSI0I* ' - 

Emesioa of s«n^. . * ^ 

’ lieaud It is fn, « i, 

>e voiuma ai n» , “ “ ‘emptrsi-,. ,. ,? °* todr 

“taStbubyc iiv “'"' "" coeBclMi sAnS ‘* 'Ww 
»«1. «l 0". V= “MMloj, 

.=I-v. 

'f S”™ «*'■" w Sf*‘ '“E*! 


Assuming that it Mpanoa cl cubital etpanaoo. i 

at any Umpcmture and calculate its coemci caVdiifflt*^ 

3 U It Cl™ . fcra "I ».™ rm 

iXd too- 1 0™«i.ml Ot I. ,a .m, .W ““Tj 


^jtedtOO-I Oo.«loOTl«™l«“' 

'ilO, . br.™ .bJb -b-k i 0 0»11«2. 

Co.»l=..»lol 


chapter ^ 

^ CDBICAI. EIPAX 

"« i«mijrr?, "*• "■* •• ii* otijS ^!r i’">i»«im«i 

or V^ 

In the CM - 

^ 01 ( 

: “S';'^ “'■» ib« o' 2“' « “®“ 

r «»pp«. -r. wf ““Irii”? “»m' " "»»l««“l.' 




^UISICAI, EXPAN<;TnM 

•■• tnia votnn,^ .» .1 . 


cy DJ QuJtlplying 

. ■■■ •"" »1 the h,^ v.(, ^ ^ 

'"" w-g o«Ai] u„ ~ 

•Joiay be neglected and 

1-- - . *•—<;.+« . A 


~^e *ppa»nt cf«pffi • A ^ ®*pansIon of 

"^etwA Ti" 9^ “efficient can t . 

•St “i- 


■‘- ■n.™ ,i"''‘ “ p'fe:^ r«“ : •-" p~i.- 

rp#rcat j^a* ^ ^Icolatcd ^u ^ *®®fficicnt of 

'3''^d' iLii Bh^‘ S'* •<» true for 

'dually f,j fcoworer fa ^f"**'* for the 


^^rre g, fo, , v' *''' «relof.c *rir ?/" f“^ »omo 

.7 „ ( 

A"! ■•'■Uml Vu'’'‘'S"<S'InL*''P*""a aS.“- 
rK S« A* “■ "P»»A i*”* “rf h ""“ 

‘■“"A 'A'"' '* S,tr".'''■*SMJ^’*“■“»>>• 

. • "' "1“ 


,p Mtnc matcrW J ncaj™ ‘“7 J-'v- ‘ eqoal #00'“''““: 

,„U body. Tb. »«li ”™“ 7,’^ £“,n’ . Wd. ^ 

.chi. obongodbrlh.io.no •■»•>“>■ cl . bo“? ,” 

EJoet ol lentotMm" ““ ®*“'®i7?b the deuily ‘ 
cSncdcth. nuaolo»it.o'n»“' }l^ At .noft" 

fo-1bcn tb. ~'r “^vwnrraSy d 

ure, t". let the Tolume be \ and «« 
lonatantj 


Dut 


Wo-W 
d Vo 

rfe" '' 

V«Vo(l + rf) 
d Vq ■ s ^ 

Tbi. tcnlt i. e«S 

‘•"L;“tb.1etr.to^.d,-. ., 

• .f vtnaiuloB 


.tO’mdl. 


already •een. p. 19. that tbe erpansioa eteon ,vj 

by that of the veieel contaiMg . ,3cpan«o“- 

web eondilions b c«»od th« j^id.^hiob »• 

„,IEciont.UrP““.t'*P“”””^,‘ , foe f ri» “'. 'JV 


coefficient of apparent j. pse «* 

c is the apparent incteoae “ finefficicnt e anil 


divided by the Tolarae at « . - increase m 

than thu since it takea into -knsa vohune a*® 

“Lb Bnppo.. S^>'* KS'"‘ 

rtrmotmted by a stem gradmted ‘n '-'i” ’.1,0 bulb he 

of cubical espsnsion of the ^ . * t i» the i 

«th a li-iu-td «boee t™e “ J; /' ^i,«, of f 


«th a li-iuid «bo»e true coefficient la c. „{ the 

the Uquiti U VoU + ').^“^ 2 Ksd on ’ ;«r 

• tatlnn* are incorrect and the voluE ^ ^ , 


he Uqujti u VflU + 'h ' * -ad on tn® ’ „«r 

Icssthia ttu»: It + w t-** 

rrn. of lha teesel haa expanded to (*TJ 


• . KXPAHSIOS ’ 

lenM tl tlio leigljta ol two bsUw^ ednima are mearoied wbni 
ibey ate at difiereut teiDperatoes, e can be fouad wilUout auy 
laiowWge cp! tbe eipaasion ol gUsa. ... • . 

To c&nj out the measuremeats iix a form suitable for o Bimpio 
kbotatary eipcriineat the columns ate surrounded by wider lubes 
as in the figure. Through these a stream of ice-cold water is first 
nm, and the quantity ol mercury » adjusted uatil the ends ol the 
columns are just visible above the oorka D, B'. The heights of the 
siufaecs above the azia ol kk' an measured, corresponding with Ho 
above. Steam is next passed round A' ; the temperature in each 
case u given by ihcrmometera projecting through the coika at B', B. 

The len^h ol the warm column ie^^meaaored, giving H — Ho> 
md 0 Is calculated as above. 

The apparatus in this simple form has several disadvantages : 

(1) It does not give a eontionona senea ol tenperatuxet in the hot 
huh this can be obviated by havu^ Uie eotvunn A'B' surrounded 
by an oil bath, wUch nnut be w«U ctined ; (3) The 'thermometer 
may not gjve the mean temperature of the hot column ; (3) The , 
wrliiMa an upoaed and may change in temperatun wl^ the * 
oheerTatiQBa an being made. 

?ig. shows the pdneiple oi an apparatus ussd by Begnault, 
and more ttecntly imptov^ by Cidlcodar. to overeome these 
deleeu. 

The vertical tubes AB, k'B‘, (ram one to two metica long and, 

» «m. in ^meWr, are b«ot twice at right angles so that the portions i. 
BC. B'C' aw hoiuontaL AA' ia made o! nartow bore to preyen^ . 
the orculaUQU ol curRuta ol meRuty (rota one vertical tube to the 1. 
other IVater cooled to O' by ice iu M is steadily passed through ' 
tiie wids tuba surnmnding AB ; w» will npposo also that it drips 
on UoUii^ paper wrapped round CD and CT)'. A'B' is rartounded 
• > ml, srUch is first heated by paiajag an electrio current through the 
US tod Q and is then lorced past ths mercury column in the dlreo 
on o( the arrows by a soafi tentrilugal pomp R. The mean 
nnpcraluret c( the lung columns are .given by platisnm thtnno- 
MUrs P' and t (p. 389), whore balba eaJend tbs whole lengtha o( 
to, A’B ; tkit ut the shorv'tahm CD. CTi" by mercury ihenno- 
pUced in contact with The he^hta oi the variorw 
ralauM m vattmi by n calhetcmeter. This otusista o( a hori- 
a^W trireeope, having eross-wdm Sn'ths eye-piece, which moves up 
and do^ a ewical graduate4,bar.'« TU lekseope U firsTloeuased 
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Itnti U Vl» 0^ '^*0 balaaii? edamna ue me«^ whea 
Lbey Mtt It diffeteat tempecatuzes, « can be iound witliout any 
knowledge ot tbe expansion oi glass- 

To carry out tbe measnrements in a lotm ttsitaWs lot a 6\inple 
labontoiy eipwinent the colntoBS ate rortoimded by wider tiAea 
« la tU fignte. ThrougU these a atteaia oI ice-cold water U first 
nm, and the quantity ol mereory is adjusted until the wds ol the 
columns ore just visible above the corks B, B'. The brnghta ol the 
wrfaees above the txa ol AX' are measuied, tomspon^g viivh Ho 
above. Swam is n«t passed round A' B' ; the temperature in each 
case is pvea by thermometets projecting t^ogh the corks at B', B. 
The length ol the warm eolamnisagnin measured, giving H — Ho, 
and e is eaicuiaied as above. 

The apparatus in this timple lonn has several ^sadvantages : 
{11 1( does not give a eoutinnoas senes ol temperatures in the hot 
limb , this can be obnated by having the column A'B' surrounded 
by an oil bath, which most be vidl abned ; {2) The'thcmometer 
taay act giva tha mean temperatoie oi the hot column (3) The . 
suriacei an exposed and may chai^a in (emperatute while the 
obmvatMflj are being made. 

I^g S7 shows the pnncipla ol an appanVas used by Regtault, 
and mote teoeuUy improved by Calkudai, to ovetcoae thesa 
detects. " 


Tbo vertical tubes AB, A'B'« Irom one to two metres long and 
a tm in ^metci, are beat twice at ngbi anglea eo that the portions * 
BC. B’C’ an hocuontaL AA' « made ot nanow bote to prevent 
the urcslatioQ ol cnirenti ol loercury Irom one vectical tube to the ■ 
other BaUt cooled to O' by we iu M ia steadily passed through 
I the wide Uhq suRouBding AB ; we will tuppoee aim that it drips 
on Uottiog piper wrapped rottod CD and C'D*. A'B'iaeoitounded 
\ by ed, which is ^heated by pau^ an electric current thro^h the 

cod Q and is then loTced peat the tnertujy colonm m thedirtc* 
k ^Ksa ol the arrows by u smaB teutiilugal pump R. The meio 
, ^ • teaperatnm cl the Iwg cblunns ara ^ven by plafinum theimo- 
1 ^ ^ ^ wtcac Valh* extend the whole lengths o! 

AD, ATI j ihst ot the abort tubei CD, CD' by iMwnty thermo* 
^ the various 


J eoJantte » emsund by a wdhelomrtcr. This conosU cl a hoa-' 
,• r loftM Wrwwpe.Ufing eiosawim la tie ty*-i«ce, which taovee up 
and «o*» a vetKil g^nated^^ TU Ulcacope ia fireTloeusstd 


llie ItmiwralntM ol tie ^ 

wniclent ol „ ’ ,, 
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+h-~k'~'i=‘^ + ^ (P-48) 

c=Mr"o-»+A' 

0* (^+* — A')< 

"> .. tt, t,„pe„,„„ i 

'I •' liquid!- 

sr ” 

“™S to 

■It' •!«« i s'"” "pp"- 

l«U uiul,, *•» wl of 

t UClt«j Lr. «"l«'J. 

«5“rbj lU 

'•'h liinij « O' r. i." fiJIfd , 

•Ikh cm I I "'?* to , I 

I ‘ »''SW leil n ‘“t'’ “ ' I 

™t“hS 

r V 1 rn ,i; , !«?" .•’.® » 'f '*f«. f ’U tu iv..n, 
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CUBICAL EXPANSION 5 

"l«d. I» to. m.lhodrS^'^i.'S,"’' “J ~od rn .1. 
■«to it. .rq.™,!.. i. 5:^1“' •» "P'“« ‘k= gl-B b; 

**paaslon ot Water^Tf » jn » 

wdually b.>t,a tl, liqmj ^ ^tometer cont.im.g . 

"tar 1 " is reached, after which it m i until a temperatur 

tor h«, a majianm dermUy '.'P™'**’ tba 

'toemdwiU depend oa the™. V, tompeiatur, 

to tl. tomp/rato n terr .”* E'"'- Jonl.'.‘^„.,i„ 
b«to.»l,. A. B (Fig. '‘"'•'P- 

. to” wUK””"‘c’‘‘‘*‘*"‘b'o"8h fSOl rr- 

i'SS'S^S 

SSSffa! I 

wamstk.. ' 1 

413 tK“"v‘® !( 

i bMd by I I I 

ia the troueh. W L-_st___ 

'“«r ^1,**“”* ** ! Ilu D 

W* Lan Uk*a M ***“•' “** W— Jonlo-* Ueth - 

°im>l ana ^ on 

are first cooW ♦>. - anrface layers of a 

'f'*»db7.h. S..?aTcr,r'h^? ^'“>P “t'l -mt ..a .,: 

l»oI« ia »dut5ed to i\ whra rroceeds until the 

‘ density. The water wWKif produces a deeteaso 

a the surface and is finaUr ftoion T floats 

“■form temperature of M “ 

nog froten. protecting plants and ammalt from 



heat ^ 


rfrt _ 

~ M.r 

ia 


Ti„ ».ihoj » ...to i« ’”!■* S;,!”.".”'’”’”'^’! 

•oportion of the ma« giSn flast 

The apparatus may U Kp^cd by 

.ck. or a specific gravity Uule.^d the ^ ^ 

latt upon It by moans of ft P'P*'*J^ , ® ealcnJa" 
nee c is known from the last parng^pb. « ^as 

jpansion of the gbw /& 1®°*® 

sed to find 0 . for any other liquid, wid as ? 
jcfficicnt can be found. , . weighed 0).®., ^ 1 *, 

(3) nsdr^slcllc V^sVto^bssameh-A 

jmpletely immersed in » J itV be «? 

«t the loss of weight ftt 0* bo «c aod at r^ sohda 0:g„ 
he masses of liquid Loving the ftt 0* i» jj^ii 

•spectively. The volnme of liquid ? .jjajltjesof ^ 

■ iTm/d. where do and d ate the co"«P°®^®5 gt f ‘b® 
fence the volume of the solid at 0 « . pf cobicJ 

♦» _L «A/r7». o bcina the coefficient 


anded to nio(l + sO/do. S being the coe: 
f the solid. (See equation p. 

Equating the rolumo of the solid at t t 
iquid at the same temperature. 


„i 


■ .' 3 ^ da 


?(!+?«) 


Ul+St) 


i+St 

l^rt 


da 1 + rt '/ 

••eoeg. otexpanuonof the liquid. . 

• t'jsreforre find eULrve or y. providf<I the e 
I can be (uadu ia the form of a gUs* holb and i» 
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letcns^td hy'tUe ^atoioetec method. It is then pattiall; 
irith lead allot to inaio it ainlf, the neck ia aealed, and the 
ittng faom the aim ol & haUaca by a thin wire and immersed 
icpiid. In these methods it would he better to replace the g 
quarts lince its e^ftasaiun is moie de&nite.t 

Exyaaston til Watti.— U a ilatometer containing water 
gradasUy heated the liquid is seen to contract ontil a temp 
neat i° is reached, alter tthkb it continnally expands, showi 
water has a waeimnm density neat 4°. The exact temp 
ohsctTcd will depend on the expansion oi the glass. Joule’s 
gix« the temperttute of masamum density directly. Tw 
dncsl vessels, A, B (Tig. 29), contain' 
ing water, communicate below through 
a tubs which can be closed by a tap, 
above through an open trough. Th«r 
temperatures are adiosted to that one 
it Ulew and the other above i**. if , 
the density of the liquid U gRuter in A 
than u B, when tbe tap is opened a 
current sets iainthe^RctionACDBA, 
because the ptessoiee at C and I> are 
oncqusl. Thie U Rcdered evident by 
a small bead Qoaling in the trough. 1 
Two terrotatures a« found at which j 
Water his the eame dennty ; these ate 



tbeii ^nn taken as the temperature 
of mtomum deu^ty. ' . ucosn, 

lingtiUT bebavlou of water has an important in 
aaimal and v^etalde ble. During a tcost the euiface ! 
pend are first eoeded, they incrtaso ia density and sin 
replaced by the warmer layer* from below. This procee< 
wbcle is Traced to 4', irhen any lurther cooling ptodaeei 
in density. Th* watet which U efiokd below 4“ coaseqt 
on tieVorlaee and is finally Iroren, while the lower port 
nailona temperatnee of 4’, thus protecting plants and a 
being froiMi. 

The currents act np in a cooling liquid arc well shor 


■■ HEAT 


Dividing l7 

temperature cliange we get t 


Ja 


mark upon it bj means of a P'P**^‘ v ^eCftncakobtetheW 
since c is known from the last parasrapt. ^ppiratus esa J 


used to find for anj 
coefficient can be found. 


completely immersed in a Mmd at (5) 

Let the loss of weight at 0^ be wo “ , „ tie solid »| *^^,1 


Let the loss of weight at 0* U *”0 
the masses of li<iaid baTiog the 0^ is 1.^ 

I" iHn/d, .b.t. d, .nd d «n th. ,. ,W l» » 

Ilenco the Tolumo of the solid at 0 w jubIcJ ‘tf 

panded to Wod + 9 


of threJlid. ” (S« equation p. 47.) ^ ^f tl** 

Equating the Tolmno of the solid at * 
liquid at the same temperatarc. 


(IliJli 


H 




.-(t +p0 


1+^ 

l^rt 


• bd «.«■(*. «i of ibe Uqnid. .k^r 

- " 'f ■« find eiit^e or f. pr'>’''‘l‘’<l the f jTji..’ 

'' { rao to Iiii<lt « tin* fnmj of a <(««•• boll' sod 1 
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iclcntdnfd by Ibe dilatonietei aetbod. It is t!i«u partially filled 
*ilb lead sbot to make it aak, tbe Btdc is sealed, (md the whole 
hwjg Iiom the arm cl a balance by a tJua wita and Umnersed in the 
Sqnid. In these methoda it would be bettee to replace the glass by 
quarts linee it* etpanswn is tnote definite.* 

Eipanslcn si V/atei.— II a ddalAinetet eonUining water at 0® is 
giadually heated the bquid is seen to centraet until a tetnpeiatuie 
ceai t* is naebed. altti which it continually expands, showing that 
watet baa a masiniuin density near 4*. The exact temperature 
obsciTed will depend on the expanaton ot the glass, Joule a method 
giies the temperature ol maximam density directly. Two cylia* 
dncal Teasels, A, B (Fig. 29), contain* 
tog water, communicate below through 
a tube which can bo closed by a Up, I 
aboTB through an open trongb. Their I 
temperatnrw att adjusted to that one 
a Ulo* awl the other abore 4*. K 
Ihedeuityot thoUquidU greatet in A | 
thu b ]}, when the tap is opened a 
eumatMtimlatliedireclicaACDBA, 1 
Vecauro the pressoRi at C and D are 
eneijuat. Tbn Is teodered ersdrnt by I 
asr^l head fioating in the trough. 

T«q UtsperatuTta are found at which j 
water the aame density these are 

altereYuDti] they are cearly equal and Fas. Joulo'a Urtbwl ot 
their fv-xa UVto u the temperaturo "*» lerDperytanj d 

Oli^mma density. M*a.mun. MaUr. 

wngulH belisTious oI water hae an important ioDuenoe on 
aiumU and eegetaUe We, Dnnsg a frost the aisitace layers of a 
pond are fint cooled, they mcrease in density and sink, and ate 
**T^*'^ by the waroiet layrn from below. This proceeds until tbs 
ahoSeUTtdared ro 4*. whenaoy lurtber cooling prodaees a decrea.«e 
la dtuRiT. The water which w rtoUd below I* consequently floats 
OB the surfare and ts tnatly froira. while the lower poniona hare a 
tuibrm UnperatuM of 4 *. Ibna protecung plants and aftimak Iiom 
bnUR Irnreu. 

The runects »el up in • roo^sg liquid are well ebo»ea in ll‘ 

1 hvttMTWrtoa salt:«4ld*'Fnct'r«\mri>o>.'* !>. UX' 
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'Tbra wbeaUJO olwerFrdktiglit II » "Sena. iLe true beigtt, kh 
toO’e.U75 8UttaA 

Exposed Stem Contetion far a Thermemeter.—TOtli tic no 
ot p. SDrtaMcn that li the mcicnry occupymg ti diTiaionsis J 
from Ij to (, CO u ta be at the <&mc temperature tis tic rest 
im 3, it will eipaud »tr(t — 1<> divisions. This 
tie stnoont to bo added to tie observed 
nperatuic Ij to get the tree temperature t, 
j es tj — tjl. The cartection should 
tw t* large aa it » not ynj tnislwoilby, 
nee it wiU ho suOlcientIjr neat the truth it 
oa the tight side is replaced by the nearly 
pul teapcrsiure t|, and the formula becomes 
•* •« + •ffl'i — «*>. 

AspUeiMeos.— The expansion ol a liquid ii 
«d to regaUto the supply ol heat to a bail 
doeh it u dented to mamtaui at a tonstnnt ! 

'mpefaiure. ¥ig. 51 shows ono form of gas ; 

■egul-vtof. The glass bulb A is tiled with a 
MgWy eipansibla liquid bko toluene, the lower 
part of A and tie narrow tube to B are filled 
with iBercory, Tha apparatus is placed in the 
bitl, which shouU ^ well elirred, aud gas 
from the main rnieia at D, travels m the path 
slcati by ihe arrows, and goes fwm E to lUe 
burwr usdemratb the bath. NYben a eertain 
temperatora b reached the erpatwioa of the 
toluol cause* tie larrcury to close tb« tube |>#j, jj . 
D and eul oil tie gat. To save it Irom Wins r.»x«3» 
ettioguUhed a small bje-pas* v» provided at C 
wl itb ailows sulficient gas to pass to keep thi* fiame abglt 
lie teir.petatare falls tie Uduol eontraets and the f jU snpj 
team passes thmiigb It. The tempetstuie via be lep 
e«wi4fii for daps by thi* device. 

rxAvrua f»:t otA-myt t 
! twnta a weahoit *< lU tor e< »«•(»«» « 

|t »•< A Ki.l ti v* eWo m V SWI Ui»yJ»e.« ai<ft t»v Wi 

h* < tana.* Wcienvlt 



heat 


(rM*ms mixture ot I« ..le wuttierBoiretreto ,. 

s„i, ,„i„u„ SSy •^‘''' *- ^ ■ 

thetmomtlM ‘bto remxiM „ 

..fidlr uulil it ""',„i,»perel"re--"'f^ K 

A correction ot X Barom bnronwtcr n’ [ ^ 

'tr"”” "i 



e,uuc~-. .[jj *JF»^ t 

n. 

t fflfrtnrf. ■*“ J'Jj rort^’’ 
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CUBICAL EXPANSION • &7 

th -when Ite obserred heigW H is 76 cuB. tbe trae height, reduced 
0“ e, is 75 81 eras i 

Er?owdStem Catteetloa for a Thermometer.— With the notation ^ 

; p. 25 it is seen that il the merenry occupying n divisions is heated 
Ota tj to t, so as to V)e at the aazoa tetopwatutfe as the rest oi the 
quid.it will expand «<r(< — t») divisions. This 
• the amcjont to be added to the obserred "D H \ 
imperatnre to get the true temperature t, | 

r I s= fj 4- n<r(t — tj). The cometioa should j 

Lcvet he kfga ss it » not very trustworthy, U jJ. 

lenec it will be suSiciently neat the truth if j 1 

oa the tight side is Kplaced hy the nearly ]|„ j 

iqiml temperature <1, and the formula becomes ' Ub 

+ f . 

A^sUeations.—The expsosion of a bquid is 
used to regulate the supply of heat to a both 
wbich it is d«)T«d to maintain at a constant I ^ 

temperature. Fig. 31 shows one fonn of gas | *. 

Ttgulatot. The glass bulb A b filled witb a i 

highly eipansibla liquid Uke toluene, the lower 1', j. 

part of A and the n-arrow tube to B are filled L 

' with mercury. The apparatus is placed in the , { ' 

bsth, which should bo well stirred, and gas | 

’ from the msAn enters at B, travels m the path V 

^ shown by the arrows, and goes from B to the ^ 

butuet underneath the bath. When a wrtwa W 

i’ temperature is reached the expansion of the ' 

toluol causes the mercury to dose the tube ynj. si._Cm 
B and cut oil the gas. To save it from being ItegnUlor. 
eitingiushed a small byC'pass ta provided at C ' • / ' 

which allows sulScieat gas to pass to keep the flame alight. When 
the temperature falls the tolwd coutraeu and the full supply of gas • 
again paises through B. The temperature can be kept neatly . 
1 constant for daya by this device. 

r.XA«rLts os ciiArrea v 

V** I. Dwrit* • method «< sieMvnag theeneSHeet d eYpUDiloa of a mrUJ 
^1 rot. Si •jtvd at Q* ahrn Icnmened fa w»t*r dir^taoea COU cab. is. ; at SO* U 

* PotfanbercoTOct' Practical rbjalca,'* p. 64 , 
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»to«*, Lence the effect of a S ^ ?! “ 

W u luvaily observcl «r,A . “* ‘«™P«faturo oa the 
is kept con^Mr* i *"? different condition* : 
(2) th« Tolame u kept coaatlat *“ volume is 

isunred. In the fiJst !!L^1 tberanatien in the 
‘ »b consUnt pressure or * “eesnre tie coefficient 
“the second wK7i; ‘ tte rolumo 

*»'■ «” b.” tt.' SoT 

efficients are much show* 

preceding chspten h?n« 

?• «) «e noloSr ;pXsWe“T““** 

iwt be compared t ^ 

’■ «t O’C. Th7c«me?ni « th« 

M the ratio ^Mhe inl *?*“'«» wnstant 

« to tbe volBine at 0= tL n ‘“ ** 

Pmm. 

'«m atr. lU TOtai'S ’S”' "“W'a- 

V- »p“S‘,7 

. ^ ^ e will (pre two simple laboratory 
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Nitrogen , 
ElyJrogea 
3*766“ . 
3aibon dioxide 
MilpLni dioxide 
Seliom 


000367 

0-00367 

0-00366 


000374 

0-00391 


0 003G7 
0 00367 
000366 
0-00367 
0 00372 


0 00366 


‘IT* expansion 

first noted P^cally tbe same for »U gMe*! Thia 

blown by hia nanfo At ^pressed Li* rcsnJt* la the law 

»fflcieatu0 0038Gor 1/273 ^.‘^ ***’'* ‘I" Mnmons..' ■ 

5 those gases wS deIrtt *! 

aore e*paa,:gi, thj*'” Boyle’* law ate 

“Jplrar dioxide, l^re dioade and 

•hit at lower pressSJs or 

‘Pproximat«toaconditio?miw>.^'?rB^'f” 

‘n obeyed. Iv* are^Lw 

'«b of these kw. accSiSy , ® r^“ f “ 

tM- Althongh theteT«« ’ ^ ■“bstanco is called a perfect 
^n^tions, yet f„ many these 

»r. hydrogen, nitrogen ” pet^manent gases bko 

'tccordmgly in tbe kUowi^^ ^ heliniamay be treated as such. 

^g«d:;S.e gases „ 'half 

brings out the facf I W L to the above table . 

lOffiltient* ate equal. J^^'^tgaseathe-volmneandptcssure ’ 


““7 bo Used”u°meMuro^f *** “ constant pressur. 

^«ious “dvanX“*re7«e«^ TL ^ ‘t 

“»« easily obsc^ed «^P“n*‘0“ being larger it L 

has loss effect In P’ss'bly irregular expansion of the hull 

'<»*« Umpemdres aS ‘:“ ^ t« “«^h higher o. 

_ f wd two theriao«etera in which dir . 
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CHANGE OF STATE 


tube P. With this object the apparatus is pJaced 
the water is faw from «t h may bo greatly aapercooied 
begins. To atart the Iree^g a little ether is placi 
caused to evaporato quickly by bubbling air thre 
e-vaporatbg hqi^ absoiba iU 
latent heat o! vaponsation ftosa p i"" '' 




tbe water and co causes it to , 

(tfeic ; once begun tbjs will cott- 
tinue lot eome hours. When 
suQlcicat ico Itas been formed, 
water coaled down to 0* is placed 
m 1’, and the bot body whose 
spcoifie heat is required is dropped 
isto it alter noting tbo posiUoo 
oi tho roerenry thread. It cools 
Irom T* to <P aod emits MsT 
calorics ol heat, thereby racltiDg 
some ice. The voluma of the 
aalei in Q « thus altered and Fw.3!).— Be 
the change ta read oS on the 
grailuated tube H. Let c be the eolucse change, t 
ol gma. ot ie« melted ia. (ram the (ait paragnph 
the heat it absoibe ia6Qe/l}03Q7, iiqcq the bleat t 


nd 


MsT 


60e 

OOXtT 


80e 

* " atWTMT 


Initead of bringing into the calcolation the latr 
uantity about wUcb there h some uncertainty, the 
e itaudardwrd by pouring into the tube I* a mass 
t a tempcntuie <*, The [.’•at it emits ia eoohng 
l_ U.U rauwa Iho mercury in U to more o\cr n <!■ 
lirbiicuj (vnysponls to an emisMon ot taf/u caU. 
•out ltd in any «nbt>equcnt experiment is known tw 
»t tha toertury ooluma. 

SotaUau. rttsdns SSlrtom.— -Whea a aebd 
eobrd in a tiqiud it absorb® its btrot beat ol iuwoa 
aad, dqIcm cbeoical actions occur, the Urmperaturc 
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fcgftin, giving oat its latent heat. Hi# teat, if traaemitted tKrongh 
the %ire, will assist the pressuifl ia tndung more ice ; tbe wire thas 
works iU way thtaugb tlie block whKii nevertheless temaita whole. 

If an iron wire is substituted foe copper its rate of progress is slower 
owing to its being a worse conductor of beat (p. 119). It is due to 
regelation also that skating on ice is possible ; the pressure of the 
steel edge cause* ice to melt and so allows the skate to " bite.” 
Similarly the lower portions of glaciers melt under the great pre.ssute 
to which they are aubjcctcd. In the case of ico t!io lowering of the 
melting point is very small, about 00072® pet atmosphere, hence it 
is unnecessary to allow for ranotions in the barometrie height when 
the lower fired point of a thenaometer is being found. 

BolllDS Point. Latent Heat of Vaporisation. — ITlicn liquid is 
heated in a beaker bubbles of an and Tspout of the liquid arc formed 
on the glais which £naUy rise to tbo surface and burst, ceusing a 
sound. Tbo ‘‘siuginft" of akettkia duoto this. VStro a certain 
temperstura U icached the supply of bubbles is very copious and the 
Umpenture remains steady ; tits liquid is then said to boll. If 
it has been previously fre^ from dissolved air its temperaturs 
’ may rise above tlie normal boibsg point befora it actually tom* 
mences to bod, it is then said to Iw superbeatei; finally a tnihllo 
of ait or vapour is formed and violently bunts. This ** bumping ” 
may be hindered if a supply of air bubbles is provided by putting 
into the Uquvi aorac htokeapwees of earthen wsw. A* thstempera- 
, turs of A boiling liquid depends slightly on the vessel in which it is 
eonuined, the boilmg point is determined by a thennomcler whose 
bulb is placed ia the vapour above the bquid. The latent heat of 
T#pori«»tion is toost easily determiaed by Ilertiielot's apparatus 
(Kig. 41). Ths liquid u heated in a *peci«l form of Cask throsgh 
Iho bollom ol whieb projrcW * gloss tube open at both ends, this 
U eonnecled by a proand ioint to a gbiM bulb and epirsl immersed 
< ^ in Water in a ealonmcler. Tbo eaWrimeler and it* coatcuu atu 
'1 -retested Ifom best coming fruin the pas burner by a woodea cover. 
<* andatiirrtr and thermometer are p»«srd throu^b holes ia tbo wood. 
5? tVben the liquid boil* j«* TBpmtr pawes down the vertical tuW and 
^ ia the spiral, at the same time givbg up Its latent brat. 

|V* j amount cotidee.«id may bo found by weipl in,; the spiral at tlie 
bejinp.ioR and the end of the •XpetiTtirol. As the vspocr pasw* 
d^wTi through th* upper part ut tb* tube any drop* of bquid tlist it 
*a'T'rt with it are vaponwd.U’this dol wot bspi«a the partickw 
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at BC, U parallel to the axis o! Tolnine. At C all tlie labstasce has 
coodensed, and, as tb« volume of a liquid varies verf little with 
pressure, the rezaaiaiiig part CD of the curve is very aeaily parallel 
to the pressoie axis. Summanwg these results we see that along 
AB the Buhstnnce is wholly vapour, along 
EC bqiud and vapour in contact, and along I 

CD wholly liquid. ^ '^1, 

Methods ol msasurlBg Mailmom Vapour / 

Pressure.— The methods used to ia»sur« 
the maxiHium vapour pressure vary with 
the temperature, a procedure which is useful 
at VX" may be laconvetuent at €0*. The E S 3 
apparatus shown in Fig. 45 was used by 
^gnault to measure the vapour pressure of ^ 
water below 0^. Bulb A, which coatsins 
lie water, forms the upper part of a baro* 
meter tube ; it is placed in a Ireermg 
mixture of calcram chloride and anow. The 
vapour prtuure u the same at all points in 
thu tpaca and is equal to tbe maximum 
pressure corretposdisg to the temperature 
of the freeung mixtun ; if it were higher 
than this coodcoMUon would take place 
in A. On the left U shown an ordmary 
barometer ; the diCerenco in heights ol the L S 3 
two columns givra the vapour prvssuiv in 
cms. of mercury. The vapour pieaaui* of 
ice, which is quite appreciable, tau be 
measured by this me&us. I | 

Fig. 48 shows negnault’s apparatus for 
water betaven 0* and 60*. <h» mtical f 11-^ 
tube forms a standard barometer, in the Fm. 4A— Regasalt's Ap 
other a little water floats above the mercniy. *** 

The upper part of each tube is euTTOUftded tVsw^Sowo*. * 
■ Wlde^bath which is kept weUwtirted 
and can be heated from below, tte dllTetcnca in heights of the twt 
aolumns is read by a scale, or, in Reguatdt's erpeiimenU, by ■ 
^thttometerj this gives the vapour prtesnre at the tenperatsrec 
the bath in tmt. of mercury’. As the mercury is warn the prwsun 
^ Dust be in ferms of the length ‘of a memry rolmm at 
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TOjwra. Tte vapoui presaiir« of ToUule liquids Lke ettet and 
alcohol 18 cvucli greater than ilia* oI water and becomes equal to tbe 
atmospheric pressure at tempentniM below 1C0“. Such liquids 
have consequentlf a low boiling p(Wt, eg. ether boils at 31 5® under 
normal pressure. 

Dettimloatlon of Bctghta hylhe Hypsometer.— The pressure at a 
point in ft Laroroetet tube becomes Usa as the point m question is 
taken nearer the tap ol tbo mercury column. In the same way, 
during the ascent of a mountain, as the different layers of air are 
passed through and the limits of tho atmosphere are more nearly 
approached the pressure becomes less and the length of the baro- 
metric column is reduced. Tbe height of tbe mountain can be 
calculated if the bnrometric jitesjute at its aumait is measured. 
Instead cl using ft barometer for the purpose the tempeiatuie at 
which wattt boils may be observed, wtd fmm « table oi maximum 
vapour preasuret tins eortceponding pressure of tbe fttmosphere 
can be fontid. An* instrument used (ot thia purpose ii called 
a bypiometcr. At great altitndee tbe boiling point may bo 
lower^ to euch an extent that it is impossible to cook food.' 

for boiling under increased pressure must then 

(or Bllreil Vap«im.~L«t ns next inTcstigato low 
''the pressure of a saturated ot uosaturated vapour is modified by tho 
presenee of a gas or other vapour with which it does not react chemi- 
rally. According to Ualton the total prf».»ufo produced by such a 
mixtuT* is tho sum of tho pTossutea that each component would 
ptodore if it alone were present. Thb is usaallv known as Dalton's 
law. It is only approsiiuately true rn most cft.«es -.“if it held in every 
Instance it would be posdblc to produce a pressure as great as we 
pleased by introducing a euflleipnt number of different components 
into the mixture. Rrgnanlt tested the Uw by means ot apparatus 
aimiUrtothatin Fig. 16. 
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low «J into orccrirt Vy tha atr 1« 1. cma. KcJt aJ J elher nsU tt< 
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The weight ol V litres of moist ait u (M| +•»»«). if 

Tolnme of a body is kaowa the maas of m it displacM can be c*i*^'^* 

lated and its weight in Tacuo found. 

Vapour Pressure of SoIuHobs.— T he principle of the 
hygtoioetet is used in measuring the vapour pTtssute of solu^ona- 
The experiment is conducted in the manner described on p. 9^‘ ^ 
certain volume of air is bubbled through pure water and the 
It coutams ta absorbed by calcium chloride and 
weighed. An equal volume is next passed through 
the solution, which u at the aame temperature 
as the water, and the mass of vapour found as 
before, From p. 9S these masses ate propor- 
tional to the vapour pressures, and as this 
quantity is known for aater that of the solution 
can be calculated. 

Formation of Cldud and Fog When the 

temperature of a moisture-laden atmosphere u 
* Bufilciently reduced the aqueooa vapour it contains 
>» condensed into small droplets of water lonmng 
a wsj 4. «9t Vs%. ^ ‘hn. \s.\. ^ v 
altituda they form clouds. The uecessaiy cooling 
may be caused by (he air expanding as it gradually 
mes to the upper layers of the atmosphere ; it 
u found also that dost particles make it easier pio. 07. 
for a fog to form.' 

' EzRamm.— Replecs ooeot tb» bulbs ot eXoner themascopc (p' ^^1 
-'lb* ^4s> T<49el ebowu 10 Fij. 67 . Tbe>ua<t tobe (•eonosetect to 
Stop# nod tha outer raaeal to a bicycle pump Fuiop in Sir, tbe conP'^’S''’® 
tsiiM the temperstore sod the isdes movei. doss tbe conoecUuuto lt>* P^WP 
by s piatb.cotk; the pulop it now reioeTed sed the compressed sir silowed 
l« sltsio s steady tempeesture, aben tbia is wsebed open tbe eoek 9 UicUy, 
tbe i^s tspsnds snd tbe iempcritur* fsfli. , 

Fmsisoir.—Sliskaslilf* flask cootsuiiiigs little water to Si to sstnreto v 
the sjt. Peas tbrosgb Ule rnbbei stoj^iCT tsro glssa IbLcs, one eonnec*^ 
s Ueyele pump the other closed mth s |dQCh<ock. Cbmprees the sir (v* 
•lreliceottli«piiinp,t!j,n,»{i« iislbiig»Ievaetii«id»,sa#willoe*psndr“^'**'“'J , 
byopeuhgtbeeock. The sir is cooled snds tog is formed. tfstu!^*^ft 
s loos long tiebtly plugged with wet eettoo wool u inttodneed Utr^”® 
p«®p sad fiuk, to as to r«noT» dust psrticlea trom lie air which ef>**r*' 
tog la Isrgily rednecd. On tbe other hsad H ia tooeb deosee K eao'* swot# 
iroa tnireiog jApet i> 6r*t iBlrpdoced. It ia doohUce* duo to this cBor* 

/ rm-dcsthaslogseiesocomiDOBtola^towtta. 





CEAVTEB^ 

STPSS LAW oy tnERMODYNAUICS. MECHANICAL EQUIVALENT 
OP HEAT 

Is tlie pitcediag twgfts t»T« irtqpeaUr aappoMd thu tl«te U 
eome connechon betvwft the he*t conuioed by » maw oi gu nad 
the Iduetie eneigy ol it» tnolecttlee. It hM ids& beta fcwad atcets»ty 
ia Iht cs« o! *n expaadiag gt* to Meume eocae telatioo bet«e<a 
beat aad vorlt to occaaat (it the diffemee bttweea the tpeeiSo hekt 
at conatant prcunre and that at coaatant Tolunie (p. S^). It vill 
be ihon in thie chapter that beat u a fora oi energy and that 
otbet fonu oi energy may be eoaeertcd into beat. 

Hniti.— In the c«Q(rmeae*graffl'eecooii {C.O.S.} tjsttm ci aafta 
the uut oi ioRe » the dyne ; it ia that force ^Idth, acting on f ga, 
iot’l eec., give* to it a ▼elocity of 1 cm. a second. In the Eisgiah 
lystem the unit is that force whkb, actiag (or 1 see., impaeta to 
1 lb. oi matter a Telocity of 1 ft.per«ecood ; it is called the poundal 
'When a ioice P zDorea a body tbroogb a distacco #, measnnd paralle' 
to the direction in ethicb the force acta, Fr nnita of acozlc are expended 
KFuindynes andsinems. tbexotkiagWeninergs; wben^iau 
poDsdsla and * in feet the work is expressed in foob-poundala. 7b' 
wnght of 1 lb. is aomedmes ased as the umt of force. It is ehowr 
in hooks on totchatuca that 1 lb. » y ponndals. vhere g ia the accelera 
; tiondaetogranty. Whenaforceofllb.saoTtsitspointoiappUca 
• tion through I ft. in a directum parallel to the force 1 (t.-Ib. of vet' 
' is done. Work is expended agunst the force when the molioo U 1 
the opposite direction to that in leldcb the force acts. Thiis if 
. flywhed oi radius Rems, is forced round m opposition to a frittioni 
, force of F dynes applied to its rim, donDS each icTolutioB a point 0 

rim ia mored through a disUiiM SwR oms., end the work done i 
F.SsRMgs. Let two equal and oppose toroesF be applied to ti 
ends of a leret of length d and at right'angles to it. Uunog 
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w'lfV l>/ f h* cnipl* i« P,l Ji». t if. (t h f^nt} tf tlf ftt 
it" fnnrn*Bl pf lb* ronj'!"- *”)'l t\r ia tfifwi! 

tfi* nfro i* tnrrifi! 

Th^ faliWf btt «}ffa»Jy bit on'i of 

Oif'l . iS M *»n<»nn! of h^at fijiifJ t'l ra"# 
*»{/■! F*bf. of Coturrads ; tWa u ?aE 

Ib.-dfRrfs nnil. 

Eip«flm«nU Jliflirtfl? Ihil IlMl Is * Fora of JfBef|7-— 
fipfiiafnl* itiow thul hfjit ff.Np to R-Offat^d bj tSs 
of trofk. Thai • haadrcit jrran •(?» lUfj ahowed that t»!> 
of iee cvaM Ixt iriAlfd bf rabbin^ tbfm toRsthff, the hf g'S 
\tj iJioTaR ihfm ogair.al iha Inftwnal forte* *** tufllcient to 
melliog. SitniUrljr Count ftumforl obstmd that doftn? f 
of borisg a MitRoa from a »oM Wotk of metal »oiS«»flt b*’ 
generated to boil a large quaotit/ of water. The aooaflt o 
gained was eonditioned e ntirel/ by the amount of work trgto> 
dririog the drill. The method need by some aaraje tribe* M 
a Cre ta < parallel case, a blunt wooden point ie tansed to i 
rapidly in a iliallow hole cut in a block of wood, enough e 
thus produced to fcindfe a flame. A block of metal ** epP^ 
warmed by hammeriBg, and the tower end of a btoyel* 
heated on aecooDt of the work eapeoded in compressing to® 

Exrunnsrr.— Cjsiprm the «k*«»i>en»eot nib » ^*®*^*.^ 

•cope, p. 102 } notieo ti»t lU teojjiertHire ri«ei. Tl>» i* ia«s“* 
oesrir ubebstic conpresiioa {p. ' 


_ Mechanical Cqalralent of Heat. — Ihe first experimestato' 
the numerical relation between the work done and the heat pre“ 
are due to Joule ; the object was to expend a faiown 
work in the production of heat and to measore the he*^ “®” ^ 
The' results showed that bo matter how tbs work was donei 1“ ^ 
of work dons to the beat generated was consiut.' This r® 
law of thermodyBamics. Ia symbols, if W ia the work e^° , 
the piodnction of II units of beat then W/II = J, or W ® \y. j 
J is a constant called the mechanic^ equivalent of heat. ^ 
experiiaenta show that J s=s 4*J8 X 10^ if W is jneasnted »“ * 
■ ' If in calories. The equation therefore tells us that to 

^ae caloric (H= l}t'J8 X 10^ ergs of work must be done. 
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Joolt’i C«fffln«8U.— 7 b »?^*e M|»n.tfaU rwk «r*i 
etoreiT.g ia k t»!<wio»irt tnd <l« tffuluns 

sj^fifarf nv ^ **» tei-iiarnl I! J1 ■!» <?:» loUl f'juit** 
3t in i:T»ini cl 111*' falonwifUr ami iu ci»nto-.i» tK* l.*»t c^offUnl 
Lt M9 cjJon*^ T}i« ippmlwi •Lfmii in IV- “1 «o 

cMurt xif wcijk Tbc »M cLotliiJ Vy • piiMlt 

.rmnc 4 nuralff of rinr*. ilirw* (•wtcj lariirocn » f j:ii<-in of fit*d 
iDe» »n»clcd Jn lie »»51» o! ikc t*lonn)«« (»c« Ulo*)- 
Q fiRTcat robJocUoa of beat (ivn (L« Trurl m lU icmptfatur* 
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ne«, the tocUluitof ifie ptildlevuidUmpUilit nbyAhoantxid 
cylinder. A Oexililc cord paMcd round the wooden drum C and ilt 
ends were iKow.d on to two Urge puUeyn wpported on friction 
\ wtwU. The pnllejs csRied equal weigliU. whicli were aupported by 
t firing wound mnd the Mice, theu tteight from the ground couW 
f t« reed c2 vertical scale*. AYben Uifl weight* uero ellowcd to fall 
/ they made the pulley* revolve and the paddle wu pot in motion. 
|{ The pin D was then quickly leiaoved, when tbo weighta could be 
jt wound up again by a handle without taming tbs paddle. The fall 
/ etperiment was leptiUd a Urge numbcT oi time* and the tempera- 
' tore of the water was read at Irequeat intervals. Let ra bd the mass 
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ir ialo & leaerroii immeiaed in % cntoiiineter. The Tslue (otmd 
01 the Ejechsmical equWalent «ia ptwticfcUy the same in. every 

Rowlanfl’s Experimenls.~Consideriiig the email rise o! tempera- 
:uja obtained, which was abont half a degree, Joule's results ate 
surprisingly consistent, hot the most accurate cxpeiimente by the 
method of chnming water are those of Prof, Rowland. In these 
the tempetatnre rose at the rate of 0'5* pet minute. The calorimeter 
and sUttei were Bisulat to Jonle’a except that the paddle projected 
through the base and was turned by a eUam eagiae (Eig. S9). The 



p of the calorimeter was fastened to a circular wooden disc whi«h~ 
^ from the end o! a thiu wire. 'When the paddia turned the 
iction of the water tended to 'move the calorimeter in the same 
irectsoo, but its molhm was prevented by passing.# string round 
ia disc and hanging equaJ weighu from the ends. If d is the 
lameter of the disc and m the mass of ©na weight, the moment of 
he couple which stops the motion ia wtgd. Now the water exerU 
and opposite couples on the calorimeter and the paddle, heaco 
Im toyincat ngainst which the latter « forced round is ti’g . d, and 
ho weri. dons ia one revobtion Is Sw.m^ (p. 100). Tbo work 
spcDilrd daring « rev^otions is therefore known, and as the beat 
•^teloped can be measured, J <«a be found Mbefore. Tbo ladiatioa 
are relatively much scuDcr than ia Joule's experunents. 
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Work dont b; % Gu expacdlBg agtinst a UoUom Fressutt. — Let 
a quantity of gaa be confined 5a a eylmdet which m clMcd by & light 
piston of area S, and enppose th« to expand, puahing the piston 
oat a distance x cms. against the atmosphenc pressure of p dynes. 
The increase in volume of the gas is aS cms.* Also the total external 
pressure on the piston is pS dynes, and the work done during the 
expansion is pS . * eige (force X displaMiaent) ; i.t. the work = p . 8v, 
where de U the inr.tease in. volome. I<et tis make use of this result 
to calculate the work done a^iost the atmospheric pressnre when 
a gram of water at 100° is converted into steam. If the barometer 
stands at 7fi cuts, it is known that ^e increase of volume ia 1C90 
cms.* approximately, and this expansion takes place against the 
atmospherie ptesaute. The density of mercury being 13 6, the 
atmoapheno pressure b dynes/cm.* u 13 & X 76 X 080 >» 1.013.000. ' 
hence the work done « 1,013,000 X 1600 ergs. The equivalent of 
this in calories, taking X SB 42 X 10>, is 40'7 cals. 
This accounts foe pact of Che latent heat of vaporisation, the re* 
mamdez is spent in puUisg the molecules oi water apart sgaiut 
theu muriul stcractios. 

Csiculstloo of 3 ftcffl {hsTwo Spselllc Bests of Atr.-^Let a gramof 
air at a pressure pi dynes and absolute temperature TJ occupy 
Cl ctM.*. To raise its lempetature 1* requires C, cals, if the volume , 
is kept constant, C, being the specific heat at constant volume. Oa^ 
other hand, if the pressure is constant the gaa expands to anew 
uao and work equal topi(i^'“i7i) ergs is done on account of 
1 expansion; an amount of beat C, cals, musk be supplied b 
s case, C, bemg the apmfic heat at constant preeauie. The 
ierence (C, — 0,1 cals, is used to provide the work done b 
pending ; nmJliplyiBg by J to bring this to ergs we have two 
ptessions lor the work done, and these must be equal, hence 

V JH.'. ' 

at from the gas equation (p, 69) ' 

- ' ’riVj^RT, and p,«^=K(Ti4-l) 

euce ?,(r,-c,) = B aid J(C^t_c,)=:R 

'p t R la piVj^j as jijt^fSiS, where j>g, Cj, arc the pressure a 
; i ?io. of atf at 0° C, or 273* ahaobte. From measnjvmc 
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GHAPTEB XI 


aOPAOATIOK OP HEAT. COSDUCrrlOS ASD COSVECnOM 


iQctloo, ConveclStin, RsflJation.— II»i uavels ftota om peijat 
oolher by three processes named mpettirely (1) Condaetioa, 
Convection, (3) Badiation. As t, typieal inslant* cC the first 
say take tbs ni Aft woa bu heated at one end. Accordiag 
iO lonetio tLtoiy o! matter the molecnles oi a snbstance are 
Mcd to be OKiIUUog to ao<l tro, the motion becoming more 
ous M the temperature rues. 0>nng to coUwone the molecniei 
•.luiteadebawthew energy with their elowet moving neighbour*, 
m turn carry energy to the oert layer, aodeo a riseol tempera* 
ravits down the bar, although the otolccnles theerelre* do not 
Irom their mean positions. In the process ol coerection (he 
} particles wander through the eobstance carrying their best 
them, and by (request oobbion* tba nse in tcoperatora is 
>d thiDUghout the whole mau. Conrectioo (orreets esn 
only in litjutda and gases. 


ssiasst— FiU a Urge Uslwf ■nth «M »»w inp 4^^ 
ol ii • tJegle rry>U] el (niuvsin p(raiu);sul«. U'tst si.* UiLrr ■ 
iWly oo*t«» the CTjrt*! hy * »n»a lUwn, cvi>mt.<»i nrmU eia b* 
iwn rmea e{) (h* ccstftJ t>ortioai aaJ (etoroic} (y \E* e.ijrr riet. 

M»h» a tomyirt* rMUnsli ocl ol (Uw «ct»=r. Cl ft 
ter end drop jn * fry«t*l c( {nUniuia petass^v.*!*. ^ -..v 
. vfrticuS *00 scirtly host OMad*] • *onrtrtk.o etimet r>« Irr a lU 
>*rt seJ trtrels tourul ths taW 


wh ol thrnvproccav* heat is propagated tlrOTgi tie te'er- 
ol «l »*tt«r ; in He third p»«s,, “ 

thwsb spare tTora whjiii *3 tsm.* Jj 
•, at a WrH c! a lew iimdivd she ‘ 
can be pr*c'.»-»py jh j,,,f , - 
toyC'nji cl miVt c( itj* ta^v- 
I ft a hot body emit 
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ae ; foi tie same waaon the lowci tni ol « KgWed estulle is i 
Had. 

Gsxanim — Replaes tbe balW of a IjJostl Ihetnwseop# (Fig 17) 
bottomed flaek* »tth tlie fi»t pert* oppetnuwl. On on» 8»i5t ptieo a 
opper, on the other an egoal di«e ol iron. When • Cuk ol tojbng w 
Mfd on each the thermoaeopo ahoer* that th« nwat heat pataca thte 
»ppet. U a diao la replaced h; a ihanov, hoOoir neael died mth v 
httie heat paaeea throagh ; tigolda an -nrj bad condnetora. ‘Ibia » 
loglj thosm by the next ejpenmeot. 

InEBinsTT —Attach a lamp o{ ica to a aoker and drop it to the 
im o! a teat-lahe neariy filled with '•aler 'The tvbo may now be bald 
inehoed position and huted near ite upper «od until the «atet boils, bat 
lent heat la not eoodnoted domiivarde to (neit the lee. It the tube bad 
heated trom belov eoBnctloD emmata Woold bale eqaabted the tam- 
Tue tbroogboat the mass. 

iasos also nn bad eo&dactoTB ; treoUen clo^ag is vsnaei th&s 
m largely b«au» ol tte air it «d(ad^«s, oottveetion cunenfe 
«t bpsri^diS.o\i!tya(aoag the fibres o( the Btatetial, bcQCO bea< 
ot get thwagb except by coaddotion. The {eatben t>i bml; 
lovn ^dilU otte their e£caey to a similar caose. 

’rcatsnxr/— £<v{<s/rs4('e plcnomcMiw Qest a eleao abtet of metal b 
I sad let a taw drops ot trater (all on it They ran to aiul (ro onr th 
thkeaereriry oo data glaan bat do oot bod away iuriovaly u we nigh 
. At the first soataet ^tb the plate a cotUos o( irapesr u (otibtd wbie 
ts beet rsochiag the bdoiJ except by coodartiini threegh this Isyet « 
labob With ears it is posable to pes a bean ot bght between th 
and the pUt& {Umoee the fiatne i as tbs piste coots tbs eoshion t 
beeomea aaable to rapport tbs drop.eoDtsct witb the plate (oUowe sa 
tild bcOs away tgpi^y. Owing to the bad cooduotioa ot a layer c 
it 1) poMible to hit a puce o( ted-bot ooal with the fingers Withoi 
irorided tbo hand is fint thoroughly wetted. 

SaoEKSt — Lower a piece ot fine eeppec gaoxe into a Basseo fiami 
cs appears to be poshed down sad does not get to the appet side 
» aidess it is eery hot. 

ratKurr,— n* tbs gaate in portion a toople of inehea aboTO the V 
umot belore the tep is tnmed on. It tbe gss Is now hghted aboee t 
le flams is niutble to penetrate below, 

irder that gss may be igDited it amst be miaed to a c«rte 
vm tomperatnre, but tbe mkal ctmdocts heal away’ 
is tempeTstiwc is not reached above the • 
vent or below it m the other. This ^ ' 
py lamp nsed by miners. Hsomet' 
an «sp!o*i"re mixtufe ’ •’ 
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depend partly on the condocting powers and partly on the thermal 
capacvUcs until the steady ctate w reached ; attcrwarda it will depend 
on conduction alone, the better the conductor the higher the tempera- 
ture I( heat J» lo&t from the enrfaee the temperature will bo reduced 
at every point because there is lets heat to bo transmitted. 

ESFliiIuesr. — Take equal wire* ol Copper aod biemutli, coat tbera witli 
paraffin vax and pat OBO mi ot each in • Beoica flame. The wax melu more 
q\ucU; itosg tbe b»iaath in tba catty stages, but in the end (aoie is eveltcd 
oa the capper ‘Iha latter taetal la theictoro tb» better ccinductor. bat the 
email thermal capacity ol btemnlh more tfaafi oompeDaaiea for thia while the 
temperatara la naing. It can bo ihown thet the ratio of the thermal coa. 
dactinties, M defiael in the sect paragraph, la equal to tha ratio of the tqauea 
ol the Seagthi along which the wax i» mtUed. 

These tetOMks show thnt in cotopsting conducting powers we 
Qjuil heot the bets loog enough tor the steady state to be reached, 
othsiwiH the results depend cu the tbermnl capacity. It simplifies 
matters also it the enrfaee emission can be neglected. }low, it a thick 
bar 18 split up into two olhete of half the section mors surface is 
exposed, hence the surface losses are of less Importance la thick bars. 
t,_„„>'nicroal CoDduetlrtty. Seatle’s Apparstos.— We most aowdeflne 
mote exactly the conducting powet.oc.as it will be called in futose, 
the thermal eondactiei^ of a substaoce. Consider a plate ol the 
substance of thicknees I cnu., whose opposite faces are kept at 
temperatores 6^ and Bf. Heat mil fiow from the hotter to the 
colder side, and if we consider an area 8 some distance away from 
the edges the lines of flow mil be perpendicular to the faces. The 
entity of heat that flows across tCis area in t eeconds caa be shown 
be— 

(1) Froportiona) to the area S. 

(2) Pioportional to the time C. 

(3) Proportional to the diflerence of temperature (0-^ — 0^] 
itween the fa««. 

(4) InTersely proportional to the thieiaMS 1. 

It we denote the quanti^ of heat in calories by Q, 

hea 

where h is a constant caDed the thertsal conductivity ol Ihs material 



•((. dediortre ot vliich 4l>9or^ 10,000 er^s per lecosd ; and ttia energj la 
trui«ni>U«d t« a hack nirCace.O S cm.dwUat, chete it is removed b; v&ter. 
TVbat steady djSerenro at lempentine mutt exist Wtireen tho two sarfaces 
of ttLee!abi(UaeQn4ae(intyb0QdC>C8 uotU t (li. 'B2 ) 

S. A metal Yeesel, I eq mctn la area, and tshoae tidea ate 0 5 cm. tbick, 
IB filled tnlti fflclling Ke, and is kept suitocmdcd by iratcr at 100°. Horn moch 
ice «i!l be melted in an hov t Ibe eondncUTity of tbe i&etal is OOS and tbs 
latent beat ol (asion oi ice is SO. (L. *95 ) 

t. Sappoae 10 enu. of aoe to base already formed on a pond, sad tbat tbe 
aitiaat— &*. no« loti; spfiroxifnaUly mU it tabs ici tbe next sim to form } 
(CondnctiTity of ice OOi^ latent heat v SO ] (L. ’Of ) 




material oi which the body » eompKsed. Wier. radiation coining 
thiongh air tails on a mlaca aoioe ol the waves may merely be 
turned back or itaerted ; this is espemlly the case when the surface 
IS bright. A good leflectw is therefore a bad absorber. But re- 
flexion takes place equally when the waves arc travelling from tha 
interior of the substance towards the ate ; heace, if the surface U a 
od reflector, most of the heat is cetumed to the intextoc. Thus 
>od reflectors emit very little rsdiution. 

EiiHtu*.— A bngtt k^lls Uk«« longer lo test bat leUiae iU teat better 
lan • blsckona 

A substance which absorbs ^1 the ra<Katiou which falls upon it 
I called a " perfectly black ” body. Practically we may treat lamp- 
lack as such. The ratio of the quantity oliodjstion emitted per sec. 



Fla, et.— A ppers Ulster (hs CsnpsnspB cf EmiMlre Foweta 

by arm ^famtace to the quantity emitted by a cm * of a perfectly 
black. body under equal conditions is called the emissive power of 
the surface. Smissivs powers can be compared by the method oi 
la Piovostaye and Desains. A meUI cube, t fFig. 64), usually 
«l!cd a Lens’s cube, is filled with boding water or other liquid and 
its vertical faces are covered with the substances to be compared. 
Al»ut 60 cua. away ia a thennoptle T (the galvsnometer used with 
this is not shown), and between this and the cube is a double roetal 
cenhM'. The sides of the screen lacing the cube and tbermopila 
Covered with lamp-black while the inner hwea are bright. If 
a left face of M were bright tb vmuld he po^ible for radiation 
ling ou it lo be reflected back to the cube and from thence to the 
eemopUe ; tha bright face behind binders direct radiation from hi 
the thermopile, while M' acts as an additional check to this and 
M prevenU the reflection of radiation coming from the right, 
he emsaive po'wets ate piopwtional to the cunenta produced. It 
' enud that a Ump-bl«k soxfaee va the beat radiatw, but bright 






ie rate of cooling when the einall calonmeter ia at* 50" afid the 
utcr vessel at 45® is the same aa i£ the respective temperatuiea 
i>ere 20° and 15*. 

EOett oI the Matnie ol th» UtjnW on the Bate of Cooling.— If the 
mall calorimeter of the last experiment is filled with lurpentme 
natcad of water it is found that the rate of coobng is faster although 
he blackened surface has remained nnaltewd. The results take a 
rery simple form U bstead of compatuig the rates of coolmg we 
ompare the amounts of heat lost. To make the comparison the 
ipecific heat of tnipeatine must be known. Suppose with water in 
tho calorimeter it takes tj seconds lot the temperature to fall bom 
25* to 20°. If m u the mass of the calorimeter, t its specific heat, 
and Wj the masa of water contained, the heat lost is 5(tBj + iiu) cals., 
and the heat lost per second is5(mj + i>M>/fj. Kepeat the expcrinient 
through the same intcrrsl of temperature when tbs water is replaced 
by turpentine. I<et he the mass of turpentine, tj ita tpecifio 
heat, and tj the time rc^inircd. Then the heat lost per second is 
cals. It will be found that Ihtheot htt fertuoni U 
jha tame in Meh ease, hence 

! ‘i “ h 

II the surface is noaUered the heat lest per tccoBd is indcpeodeol 
I of the oaiure of tbs llgnld. 

f Speettie Heat Ham the Bate el Cooltog.—The principle just given 
< can be used to (isd the specific heat of a liquid. Uolng the appara- 
■Jtos ilioffa in Fig. C5 tho time taken to cool from, say, 35* to 30® is 
^observed, first with water in the small calonmctcr, next when it 
^^^nUiiu an equal volume of the liquid. (Equality of v olumc ensures 
^ that the coolmgsuttaeca will be equal in the two experiments J The 
^'•peeific heat is ralculatcd from the equation just given, where m* 
sod sj refer to the liquid, llcgoault found that the method was 
lof powders or nolid bodies. The reason for this is obvious ; 
lie rsto of cooling depends on the rapidity with which teat is ton' 

' flora the iuterior to the sorUce, s c, upon the theno.ri ecn- 

liquids it is very conrenicnt, wpecially when but a 
* j quantity of the subsisore is arailaUe; tlennal eonditclivity 
®*’t' entce-ia lUs ease rict« the liqn^ is well tuni-d. In ordtt 
^ sutfate Kay not be altered It is well to heat the liquids to 
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RECTIUNEAU rROPAaATION''OT UaHT liT 

!eanic!t«, tlie aliape o! t}ie amaS bole does not eSect tbe form oi 
he pictaie ; but ii the ecreea a dose to the bote the picture pt^uced 
peach part is eery small, and, as there beery bttleoverlappmg, an 
[bmisated spot b seen ol the caB» shape u the hole itself. 

A hemofeneetts tnedluta b one whose properties do not vary 
tom point to point. It will be eeen later that when light travels 
ioni one medinia to another »ta path b vsually beat at the surface 
}1 separation; bearing thm in nund the first law of Geometrical 



Optics fin be stated in Iho following terms ; UjM travel# la elralfht 
llD«i in s hanosencour me^iam. 

'DeSnlUsa ol Tcrins.—The straight lines dong which light travrU 
ate called rays, A eoUectio&of eaya (oims a beam cr pencil of light. 
11 the rays eont'erge to or diverge from n point the beam b said to 
be eonvergcnl or divergent rwpeetively ; wjwn the teys are parallel 
we lave a parallel beam. lUys diverge in all directions from any 
point ol a laminom body, but whew it b very distant the wya 
! with whieh we deal arc inrlined at sueh a small angle that they may 
,• be reganlcd as parallel. Thai the rays coming from a star to tie eye 
^ tonn a parallel br«m. 

* Shadawt.— The forwation of ehadowa is a dirtet tonseq-jrtvre ol 

/ the laot that light travels la atra’ght linen. 

*j . *^vr»«J«WT — TsVi a r*i*ll aeors* etKrht. lath a« tb» a« tjt*. 6* it 

friia a TfTlvwl J^ene li Inei tet* •cttoI io thunnn, 
ifiei,-! mon ^ Is CVrawa «i a tfU a f«\ 
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gilt fcQta any part o{ the flame neater to A tlian JI, the rays startin 
com AM ia the direetion of OF we stopped by the tube. II a 
ibaetret looks towards the flame through a hole at 0 he will see onl 
he part BM, if the hole is between F and O no part oi the 80iii( 
rill be seen. Beyond E and H the screen is fully illatninsted. T1 
liflercnce between this and the ptecedmg case la seen to be due i 
:lie extended source of flght that U used. The relative and actu 
sizes oi umbra and penumbra depend on the relative positions 
source, tube and ecreen. If the screen is placed near the tube tl 
penumbra is small, while if it is placed at PQ there is scarcely ai 
umbra. 

Eclipses are results of the formation of shadows by the moon 
tbs earth. It happens at certain times that the moon moves into 
position between the suo and some portion of the earth's suifa< 
the sunlight is interoepted and the sun is said to be eobpsed. . 
points on the earth which are in the umbra the eclipse is total, whe 
DnlythepenuabiaoccnTatheeclipseispaTtisl. Fig CS, B, rUustial 
what may happen il AB b taken to represent the sun, CD the moc 
and EH the earth. Lunar ecbpses ue caused the earth getti 
into a position between the sun and moon. Fig. C3 B iliustrai 
this case if CD now representa the earth, and part of the screen I 
the moou. The moon is not self-luminous, the light we receive fn 
h u reflected ssnfigbt, bcncc if it is in the shadow cast by the eai 
DO light can be eent back and it ia echpsed. If it ia in the umb 
FG in the figure, the eclipse is total, il is the penumbra a part 
eebpse takes pbce. 


V EXAMFLES OH CRAnCR Xm 

Oa a tW, samty da? a flaj^laS tasta a atadow oa tbs gtouad aac 
Utoanii tbit tnepomoo doe to Oia lower ead is the beat defined ; ezptalo t 
Hov^oald irbit* cioods afleet the shadow I 
( te'j. Why are weQ^Cned (jitalae shadowi aometiinwi seen oa the grin 
I aratalb aa ere lamp T 

^ **0? of wood I ew. IB indlh ii held Ja a wettical poalioa betwee 

tw and a stma. ita dwtanee i«nn the former is 60 etas, and from 
J tt'heflaiBolsScBia wide find thediaioetetof the ombra 

»•* w‘olB cf the pestEinbraiiiioiieaide of the shadow. 
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KEH-EXION FROM mNE SURFACES ISO 

Tick » {vwition ih»t S, B. iBd tk« of f »n «ppcir to be In tbe Mine 
trwsU line. BS it oat tteteW^ t»y- Mo*» tie pn R to the nght ot left 
iBiJ find CrVhet Tefiected ttyi tuawr. Bate m the jostion ot the 

nirror, then rennee it tad the nflected rt^t bttkTlTdj ; they TlU 

moot •pi>fOTii>iil«Iy «( t pant i^hieh i* the poeitioo ot the iniege. Meteare. 
n>nte tall ihow that the inije# R* be* ea that oormal to the nurror which 
pivMea tbrengh P, a oij la aa far behind the mirror ta tbeobject la in front. Store 
the light M reltceted «hied j trOcS the beck eutface the aeaannmentt meat be 
made irom tbii edge. 

The imlt obtnintd (ifno Oiw ♦yperimrat be ttrattabered. 
ot PuiUh.— T tn* t» o method o( finding the position of 
an izeige when it u impoutble or inco&retueiit to tmre the pAtha o! 



rw.*l — Afpatatw t'TMWretha love Tw. “t— To il'cia* 

irau Para"aL 


the r»ri. It Cf>n»'»u in pUc'ns * posntn *o tint it dor» not epprar 
'e .!v niiiirtiy to the !»»*«« »'«cn the oT-smer rLingea LU 
I’oti, Ima^e *nil poiclrr tW rtjioride. 

rm»ie»irT~Rl,.k a p* emteaS} Is » diaadM board. 
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REFLEXION FROM PLANE SURFACES 
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appears to come from P'. Join P’ to the edges oi the eye-pupu. 
The part P'S o! the pencil has no actoal existence. Join the points 
where the rays cut the taiiiOT to P.the pen^ PSE shows the path 
o{ the tays. In the same manaw we tan ccmstruet the path oi the 


lays by which the image of an 
erwoded object is seen; the 
rays from each point must be 
found separately. If the object 
P 18 placed beiwetn two parallel 
minors A, B (Fig. 15), a sno* 
cession of ims^es u seen. Thus 
in mirror A an image u formed 
at Pjj where PA = PxAi the 
rcQected rays sow appear to 
come from thu image and 
when they UU on tlio second 
mirror thoy will form s further 
image at P( os if they actually 
came from Pi ; hence PjB 
Similarly P| gives 
rise to an image Pj, where 
eerici u formed starting from tl 



P{A e* P}A, and eo on. Another 
mirror B ; the first b at Qj where 



Fill *3.— FersutnaeJ Iia*;w Mimm. 


QiD, this is imaged in Aat Q,, hence Q,A « Q.A, etc. Let us 
"■the rays by which a given image, say P*. is seen. Draw from 
I oivttgcnt pencil tnicrins the eya at £ ; before their final 
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fcppcMs to eorac trom P'. Joia P' to tM edgw of the ^y%•p\Jpll. 
The part P'8 of the peacll b&s no eetual exieteace. Join the point* 
where the fay* cat the narror to P, the prncil I^E ihows the path 
of the raya. In the ramc mencer we can comtruct the path of the 


tajs by which the image of an 
citcndcd object is teen ; tfie 
rays from each point mast be 
lound sppaTaVfly. 11 the objett 
P 13 placed betw een two pMsIlel 
cunore A, D (Fig. ?5), a sue- 
(rnaioD of images u seen. Thus 
m Dtrror A an image is formci) 
at I'j, where PAsoPjA; lb* 
reflected rays now appear to 
tome from this image and 
whro they (all on the secoad 
minot they will foroi a lurtl't 
image at l'( as tf they actoallr 
rams froiD Pi ; hence P|U 
el'iB. Siimbrly I'| greet 
tiM to as imaga P}, where 
aerira is (armed starimg tram tl 



Twi *t —Shewing the Path el (h* 
lUye b> Ih* !:}«• 


P»A »■ P|.\, and ao on. Another 
outror 0 ; the Crtt it at Qi where 



t‘»^. tS— -T it**!. Bit lixagw t>y 1*«Ta!}rl 1} lT<^rv 


».tlutt;a^Ry^;aAatQ,.leiiceQ, A \.eic, tex cs 

» 1. e rsT. hr wLrch a prea image, say P,. (i wren Draw (io» 
» • cftcfiRg tl* eye at K; UJure ibeir fisal 



. » .mil rt^" Mi^Vl 

:::.. '’~:‘::s- - - 


' ".”.11 ^''•' f *"' ' .„ . 



Iro® t**'*"** 




414 ^ 0 , 0 = 1 ^ , 

T" !'" .I.t •'»« - .adi*" " “t, 


T» .i.t - 5™ ,aa,*. “ 


„.E.i6c.<io»“ -r “ i,.^d 

■ „„ there i. the •“mV*”®" 

;h convex nnnore • on a screen, 

thereioie cannot t« ^ 159 ) . i 

: t ,rf hr thi. c... (- "ho 




convex u*‘“ e^r.ivedonasci* 

,tereioteca^ott«i^ 159). 

^ used in this case (see a 
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la K)o J Vo tts Airtonto cl the »«clid n»a«U« Cw« B *o<t llii* evo oc^ored 

directly. »1«> AQ ■■EQ — BA «*»Tid UA “ifc 

Refleilonol Watts tlhtt thaftUsM Wat**-— Fottspctinvtntson 
these wares a thermopile must be used asdetector, since they do cot 
cacse the MQsatwaot eight. TheposiUoaof thaimage formed bya 
concave mirroi has V->eendedaced itota the U«» of nflcsion.if there- 
fore it IS found that other rsdiationa (so^sUed beat waves, p. 116 ) 
ate brought to a focus at the tamepaiai, these radiatious must obey 
the same laws. Concave metal KdiroraiDay beuaed la place of glass. 

ETTSStMiST. — Fisd the lace! length at neb a cunoe (or ny* ol Ught, then 
Bse u Mmrteet radiilien a Btinerb buniei ntb eioeetoppiacetlsomedielann 



'V 

Ti< 3. 87.— Method of findisg the Focal leOM of » Cdstcx Minot. 

bi iroot ct the mimi. let the refiected raye UD on a thcrmopQs which U 
MsoKted to a seiuitiTe eelesDomcter. moTe thia up^ the Durror until the 
wasmuixi drdexion cf the oeedfa h produced. The laiago of the burner is 
Bo» on the blicLened junctiona of the iberniopilo ; if (he dielaDcee of imoge 
tnd object from the mirror are meaeured tbe focal length can be Calculated from 
the nraaj foroala. Jt will be found U> be practically equal to that fimod by 
ipVical met hcnia. Aa the conical reSeetor on the (heimapja collocU tayi u tich 
aouM not olherwieo fall on the juscUona rt » beat (emoTod tor thia expert tBeot. 

EirKHUHiTT — Arrange two oouCMe dumw* to taco etch other about 10 it. 
'part; fix at thelocoaot one a them^ite, at the (ocua ol the other alighted 
aadJe or a Boomb boraet. The rays Irem the eooico are made petalle! by 
■eflo^on at one nunor and are locmenl by tho other on the thermopile j a 
wtwiUfiblc defiexion iapiodaeci}, VoV Uua u greiUy rodneed d either eoarco 

■tthecmopilowBioeeaioonailde. 

Emsnsxsx—AnaogB twoWghmiie tabcoS-" ' in'dia««Jer ae shown 
«tP'«.8S,pleeearo»biiBieralihe«ndoloi ' ' e eotre. 

ipowliog tod d the other. r«. • (rom 

bnct rvlietion horn the Ihi e,r. 

wmevencee. tlaceare 
hey • 




RCFLEXIO^n ttuiu Eii'ut^tuvAU 


ninaled Irom belind by a lamp. Tba *Ut ia fixed at a diatanee 
0 the minor etjuai to tbe ndim of coTratuie. and immediately 
ve or below it a divided icala U placed. Id these cucumataoccs 
irosge ol the sht U tbroira on th« wale, and the movements oi 
spot of fight MO used as in the ptcvious methed to measnie the 
lesion of the minor. It must b« tcmcmbcKd that the ongle 
ough which the reflected ray is tamed u twice tbo angular dis- 
.cement of the minor. 


EXASirUS ON ClUWElt XV 

I A candle name fa placed SS cuu. away tram a eenesTe mirrer wboae 
hua e( evvatara la 80 ema. fiod <ha po<li«n and aatore ef the isiage. 

» » to 

MBOr. iron a taUe at cedprocala, 

i - 0«S5 - OOi •• -00)S 

Itejica V « — W 1 cma. 

The magtufiMtJoii 

he fmage fa therefore 607 cma behipd the mirror and la Tirtvol. enlarged, 
nd met (magoificatioa poaitin). 

> 2. ■Wiff* ninat the nniOe he {ilaeed in onJcr that a real image, fire time* 
ps M the object, rsaj' be tonned t 

ilhemsgeisitatvaiiOnhaTelhenac aign and c/a«ah, ot r^=Za. 

IOC 

C*^ii to 

a i(-<t8cDu. 

In »hat iKJsition* dnat tba eandhi be placed to give riw to aa image 

litoM as large et the ol^ett 7 

■ An ohject 2 cm*, in Imgtit b placed 35 cm*, iftfrontof a mirror end the 
imago ia found to be t nne. bigb } find the Jocal length of the mirror, 
t IS the local length » the brage ia vjrtaal ? 

. IVbca a gas {(.-.mo a'wnerd 32 Jo trout cl 


It is ioand that 



MEASUREMENT OF BEFRACnVE INDICES 171 
tie anflfl of ineidence i* oearlf M* a refracted ray is possible. 
I is olbctwis* Viben tise first mcJiam U denser tUan tbc second, 
'bus in Tig. 00. it Ibe lipbt is Irarelling m the direction QNP and 
he angle of incidence O'KQ is gradually increased, a sUgc is arrired 
.1 -where the angle o! refrattioa ia {>0*, the refracted ray then tratels 
■arallcl vriih the surface o! the glass. If the angle of incidence is 
ncrcased stiU more there is no refracted ray, all the light is reflected 
oat-V again into the first medium ; this is tailed total iolcraU tt- 
lexlOB. The angle of tacnlence at which total reflexion begins is 
:alled the ertUeal angle. The table on p- 1C5 shows that the critical 
angle for the plass used la 41 5*. 11 » the tf Iractixe index Iron 

glass to air and 0 u the critical angle 



hence the relractire index of the glass 

ea -- a l/aift 0 ta etisec 9 

IV 

ta Tig. 03 the ray OQ »s tneident at the criisf al angle, the ray OS 
» totally nfleeted. It IvHows Irom this that il «e su&d on the aide 
of a awinmog bath ve shall oot be able to see the more distant 
poiciU at the bottom , the laya coming from such putntaia thedirrc- 
tinn of the rye are U>tally reflected at the aurlace ol the water. A 
rraflt in a wiinlow-jwoc loots bnchtly frfl<^tjcc for a similir cause ; 
rsyi traecUmj: in tl,< glass etnbe the air f Ini at an angle grtatei than 
the tiitical angle and are totally reflected. 

l.trsvaasr ~l(aSi] »• eiejej »<vi l»l* im sb inclised is s t**W 

»»\»-T ui I *ie» It trow sKire TW wO** »e tie IbI« lo»'k Lt» « fcrfaiJr 
b«VH.aiBirT.*e*iftXVjth«tjh|*t.KacuBii* UiruB(aih<«.Jr4«4U« brslcr 
•B| MA51rp8™.i»i 

NWroet-er I ghi is reflected from a plsM mirror a certain atna ji 
It Ulost sinne part U refracted ; thwloss can l-e avoided by mali-g 
•• ef total tcfleiwn. !*»)•. 5S showa a total reftaioa pii*tB in a 
■ttalnri-amtlycied lotatnibefiathoj abeanelbjli throeghPO', 

' »* a WltwejW ieoM-rles |;>nsra cf glass laring a lefraclive index 
t‘‘•l2t 1 Jl ; ^ flijs, a« the Isl.le on. p. IC.' sho«a, tin 

'■tical srij-U M tl t», IUtsIsS aomaSy on one el It « short fscerf" 




jjnASUJinMKXT or i:nnucTivE indictj? in 

li» rriU''*! «.rfU f-nin^ Ifrm «rrJ'“ 

>r jiMjrg IS •• tl «1«5 ti e li;Sl »• tm 

ifT In I •Ufidasn^M irtiji'r.ff 

^ kSI H* t» 5 f »'.»n «tnl* f.lta it tSs# •in^ 

■rr,*}* , to f»»3r» 0.,» *r» |^r»lS<l I r M i rt 

TLiii r-ir.r ru ( t a Icl^ fifmng a iffitral r.'.i at <«« rtxj br< 1 a 
J'i» It tS» . It «iU C* *«a Uur tl.it «Ss»^ tU iS-t u 

■ I I).* rr,vM|>iS f.yot *1 iS-o t*-f f#«* if* finiS'l 

it iVi-li I* tiMi'ol t?*t il.» fU.« ln» r3 « c-a tlf 






i'." 


IS''**" 

^rt .u ,pi »* 


«"• (1^ i 







u fn — v»» 


■t « .O <»‘‘-' 

7“i,f .««»' 'f 

S7"S'£st^Ss;«?i 

sSsH^"-f5?s 


i’.rA^^vnrMnsT op w.^nAcrii'P T>-mcfs its 

VffiiriJt'rU^, twetlwrtnt# Ijcim! {rtn 0^ ar.U 

t ftt'UPf «).<’ f»* U<«4t ol |w«c'^ «Wn Ue t'jH >» *'>' 

1 |K li.kl »i!l nj» *t»!l iW Ciflv *t 

if.fU; uimisre till* y trf-iif;* r! * «*' 

TLi* » f * fstmps a WTit*U » 1 it at «-n* 'tvl a"!!! • 

»fj>i » I'll* tl 0>* •■•irr . M ajH W Uw tlaV ai-rp 'i-* ' ** 

It tl.f I fi~”'j *1 local • I ll* tV If»f.i/:.itlp 4 rat* *" {«*».>• I 
I, I'jvj'-J t* frotifcii t’ »» tU* fU»» j Vn I »r» e-i tsifafc’^ v-q t!« 



* , *'4 4'*’<^*”’Tl*;rSfr'‘''''’^ 

" *■■'■,;; li- 

ff, » ■ ^ 


in f;: 

» w || 

ff . 

•rft n 1 If-^-O 0^* ' 


s 

»• 

»bVR 1 

.../s 




jKtl. 

»jn » 

.-. S « i^0 

fin * j 


MEASUREilEST OP KBfUAtriiVii UNUlUKS 177 

1 the IroDt and backearfacw ol the minot aro parsUet. the images 
not seen, iot in that cast the incident and thereiore the emergent 
i are paratlet, hence they appear to come (rota s emgle distant 
iga. If ID anf instance a distant candle is used and the scries of 
sges is slili risible it shorrs that the faces of the mirror are not 
rallcl ; this, ui fact, pioridea a simple means oi testing the 
ralklism of the front and Wk facts. 


cxAurixs o:j nurxEP. xvi 

^1. As etject is throotb a thick pUts e{ glsw to tkst ths tsps mre t 
e plats St Bcsrl; iinrtn*) lon<)«>ec. IVort that its sppAfsot dispIseeacBt 
*s;<ti tb« Qbvrsat it ladapnwlcat c( lU tiDtll ilitUaos (ros th« glut. 

'3 A tt; ol (igkt puMtt elb>|<>«tp tbtosgk a ptsto of gUsi wtlk partCtl 
lea hkvw tbit tb« 6(Ua«« brt«<«9 lbs aarrg'bt ttj iDd lb« laeiiJral 
y prwtuml it 15 s Is tbt (hirVscM ot tbe piste, lad t triJ r 
« tk« tngI>-< o( locUcftto sod Rtriciion tetjxwurety. 
a Rspltia «ky a.thiek pl'te ot gUss i^bmi a» spprerUltt (hcpiteeiaeot 
the i;^rent jvaibon cA s d>aitat oU^ici sieved tJiniosh tbe pUle. 3be 

lyitfesuppwndloBieetibeidsteoorDuUy. 


^ 4. A tubsUnro ktt s eetneUeo iodet Drtv w oetrly u jroo eta to 
'tla the pitb oi • ray lOceloBt oo • psrsUel pbU oi Ibe sabtttaeo 1 la 
)irk. tbe sngle ot id^iitw bnog 60*. Wbtt U tk* (UtUooe betveoo lk« 
icidesl tty pnxhired sod tbe euerimt Tty t ili.'95) 
e i. AiMini ot lro<s s Jtael ie loddent oo t y^aleot t trlrscuos nb- 

Uneeu Sbov tbit. It cbe pesnl u ortrly ocvoul. thea Vitbia Ibe plate it 
rcK-oedt M it it ci»e (rom so tmtge yt tiisrt es fit Irom Ibe niUco at Ibe 
iinoes jailnU Prtva tbeewia ebicb yt A (I. •frt.J 

a. Ittav Vi scale a diagram ahnwiog tb« directioos io nVr In eblcb s rsy 
lijkt, Ind.lcnl It 45* oa iho tvHaceotlht vMer, vJS Itatc!, uaUBoog tbtl,' 
■ «»(ttc|.Tetndcaol*sl»T»s|. tU*0«.> 


7. Khov tbtlil skoritcnial rmetTe mlTwis fJlcJ vilbliijaidlta appafonl 
Imi ol egrratgre ]s d BUoiaVd ia Ue rttio of the irfrocUe* iaJex of tbo 
«4- fUW.) 

TVira lb»» til an eye node* Ike euifeee cj vetet ell objivla litl (aa 
'*** *0*“ 'f • ebiaw ecBu-TcKietJ socle Is the 


* 'T‘’’'ci5 Uofk ti Sltss b |*«eeJ oo ■ liirk {toe. jJaO 

tbem tU ttiule te fteNsI UI,«t a vijyJt.v 

l'nWikM»br«iebib.cn»-...e,«i.,.tf., 




OIArTEIl XVII 

APPLICATIOKS QF THE LAttS OF BEmACTION 

Asaceot UebtlliroaghaPrisin.— Aportion o! a medium between 
0 piaoetacce inclined to each other at an angle is colled, lor optical 
rpo*e«, a ptisra. The Ime o{ interseclioa oi ibe iacea U called tba 
'ractmg cd;;ei and a section pccpcndicuUr to tbu line u a prmeipal 
;tion. The angle between tbe facea b cslled the angto o{ the 
[stn. In wbat follows we eball deal onlj «tlb rajs in a principal 
etion and we shall further aoppose the light is such u b obtained 
)m a salted llun'cn flame, llie genera) fcotarrs attccding tba 
Mage ol light tbrougb a prism are Wst studied on the Ilaitl disc, 

f 


I'm. tOl — r*th o( I«{M (tt'njgH s rriara. 



Eirtmaor.— ' 1*1 tpruis ArCfft; iO!)««th«iL*cud uTin;>lh« tlilso 
btl s r>7 t>r Uht nn 0>* psilt tbruagh (}>• frri»mi« shown hjOI'QIl, 

■till the r«y II tirot iwiy Ipchb the (rlnettoa eJje. Th« sojt* Iwiwwn the 
ifiijfini] il.mUoDiil thorsj, jin lb« 6gvr»,li nlloJlLrdcriiijon pm' 
iarM 1 j primL II U>» pniM b mUtad rconj the JmiEt A ll« i3«?iitimi 
timta, j lota U euntinniHy in tt»t wti-h Tnan Ibo ieTiilioa V> 

Oito-ni.h, Si !■ J.-MBtl tl»l Ui« rmarBant ny QIl pnifaiCyipprwhao • dirtn. 

l‘<oi yntiSil In t>r,\n,t Uh^n fMelitnf tbu ymiiun ml fn».ny ««•»<» 

»<na. lirnfw J.* • y^rtirnlnf nnt^ H Incnirnw lVi« dcriiuen ta a 
f *h*0 Ihia li rwirbrnl It nut nily bn ahown by tiw.niiiifntnnEt that Ihn 

ivrh..iKQ(2^ ff imnjWB* dremUon ponUoa ifcn Ighl tmnrn 

thrwijh thn yi»a 




APPLICATIONS OP THK JjA'.b ‘ - 


Emsnftst.— Tcue <> it; Uma^ • pritm m id the lut ez^iimeot, draw 
die oeroul to ooe face at Ihe pout when the n; Intersecta it aod toeafnie the 
SDglei of locjdcDce and letracUoD; hcoce ea^culate the refractive index of 
the glaaa. 

Image (irodaeea h; a Prfim.— Let F (Pig. 101) lepiesent a acmice 
ol liglit aad Ut the la; PQ pass thioagh a pnsm with miBinwnt 
deviatiott. Two aeai rays PR, P3, are incident at slightly difierent 
angles, but an isapection of the carve obtained above shows that 
near the toinimam the deviation varies very slowly with the angle 
of incidence, hence the deviation of these rays is practically equal 
to that of FQ. It {olldwa that the inclination oi the rays to each 
other is 'unaltereA by then passage tbiongh the ptiatn, hence if the 



Pio. lOL— ToraiatiODdaofeuse'byaTrjia. 


emergent rays are produced bockwards they will meet at a point P' , 
whose distance from the prism is equal to that of P. (This is not 
quite true nnfess the thickness of the gUss is neglected, P should 
be a considerable distance away;) P’ is the virtual linage of P. 
WhfB^be prism is inihy other position the corresponding rays ate 
|(i1irqnally d«mted| they no longer diverge from a point after 
I refraction and'^ true image is formed. Whenever it is necessary 
\to produce a well-defined image the prism mnst he placed in the ' . 
minimum deviation position. ' 

^PutancxvT.>— C m a verticsl ^a a* ohjeet and trace raya through a piitui. 

tli»V the enicrging njM do not dititge from a pidnt except ia the 
nimiAara derUtjoa postloo. fix aurther {nu b; the yuaSaX method to 
F MDdde with the tmage ia the latter cue ; tot this p a r p oeo the secocd pin mut 
j enwgh to W aeed owi tlie top ol the priim. Show that inuge aod 
J •®,f^^eii'ijdiatant bum the Ctvlfeaa,* '* ‘ 

y. ■^^•htutettent u! EtliatUie Index hy nrnns nl a Prisme— Let PQRS 
!'■ ^ the palb'of a lay.Uirangh a prism and S the deviation : 

^'Jpwaced.'" ptsw,the nomais QN.'RN to'tbe prism faces and let 
'* Barton and mirk^^fraati^ rhrJea.** p. 67. 



ArrucATioxs OF iiii: laws or iiKniACTi-/- . - 


Ttu« t<^aiUoa tlo^ «!-»t |i e»ii be ralcoUtftl «!ifn tlnf »nsle >A 
ti,<* prim *nj Oie raiwraum iletuUon 1 i*t« 1>frn m'-s’UK’F An 
aleurite tnrthcul ot nwVing tliw mraflsremfnl* will W gi«''a Ulcr. 

EtA»nj.— Th» »aiwieaT» ■»! •njl* tf a pUm 

Ik* itfwUT* •"'>'» 'f«*o 

t!irf>r ncclu. 


WLfn lie rr:»m artle »» Ttrj email (J + i) ii alao _ 

in lie »l«i« e^juaiion iLe wore may be feplatej by tbe then*' 
aeUcj ar.il , y' 




i \ 




<;■ 





Tia l{n.a-Tvrfr»etKia *1 • Omeax S;>bMfeal Eurfam, 


EtmiNxaT.— Stib* ■ boBnv prianoul <•! sImi jlit** •ilh »>• eeije nil 
rntlrt Ibao 10*. TJ it In •uoceauua ««w aaJ tiutiii* end 
•1 «ti»Ikio ty tbs pin urthod. TaIuos «Ate» u I'M 0o4 VS>« frfrMlJti 
Iihba of aoibcM uing tb« tut c^iulMia. 


■>•' - VaTBacnos at SrpTMCit SmtiCE* 

Image lotmeS ty Refrattlea at a Spherical Surraee,~l<et Al 
(Fij. IOC) repre«Rt a conevre ■pWttal 8uj{Btp ^bosc CchIto o 
eurratare ia C anj pole A, and let the meiliuni on tlie I*lt Iatc i 
rtlrMtiremilexft relatively to the medium on tlierii;lt ; ey.lct tlv 
^ oa the t^glA hew, that to the lelt rU-s.- Let F » *mal 

' ■ object on the bxU, PM eny tat meelmjj' the aurfafe } "a-j^MUnre b 
I uAii where tfiewefracted ray U3 cum tfw axis.* ''' ^Vee 



-- — • light 

I! ..i. at Q. 

pjl $in C j 
I'C *“ sin » 
Q>1 __ wn j 1 
QC "" »« ^ 


'lien 

Froia AMO 

[rom A QIIC 


QM rc^«R»^ 

ividingtbcStidbytlielsl y^.*rM *inr ^ 


Ifn ■ »‘ *' (;.\ - QA !'•' ^ 

.-. fitif — I"*’' " 

[>,,,.1. ar.«i-Uut IJ 

Tn.- ♦-V'»' •' ” •f''**^* '** »},<> »-'f"'' '"‘'''^ , K 

*•’ «'’p- f ihr, ar^ iO- "'n 
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Qit PC 
OC'VM nnr 

^QA «+ (-0 ^ 

gO PA*“e -K-f)* « 


1 in tlio fint case. It ilioulil Iw rrmoatbcrccl tliat u and e arc tlie 
stances ot tbe cLject and image r«*i>octlvel7 irom A, and (bat all 



diiUncet are to be cifasored from tbis point ♦rtb (be rssual *'gn ’ 
tOA^entwn. ll an ejrerouU be plaeed in Ibc medinja cn (be Stft 
tbe point P rouU appear to be at <}. Ttn apparitna nsed in Ibe 
(xtlowing (spetiincntal Yen&caUon of tlvia loimnU !» dne to Dr. 
U.S, CUy. 

CirzancsTi^rinir ■aUrlo'if a eimilu filxi rry>U!Ii«.'ns Jub IS rma 
etorslndomrlM ind fWiiMadraainf b<»H. Tiu^ • pm inU> a fiat 
Uo>ti4W.l<A<lpiilil!ai).e«ntcratV(De lOsV l*okintotl*e»aKrlrt.ra 
8 aat fiwl ^ pg asHboa kba A twikib el Mvrral r*y» enwfiBg 

*••1 A. SIcuanp,t**«.a(kttba^Va«t»to(ttiad<A; Ut»f ^olll SSeal- 
«l.t. tb. i ci lb. Uim A. n-J« In tbe «tb». t f t'- e .• ! 

, j»M9'a Ui* fttraclad raji bajfwABB*'’ »J- f in«« { n ^ 

' a-.tii tke«aJ.«J»tr * 

iVa »»jwt TWTt 



light jrj 
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PPLICATIONS OF'*TnK'TCA'ft‘S'^l'’.^itE?irALrriCFi\^'XS7' 

est at tlie midille are concave. Fig 100 sliows three ol each 
The principal axis ot alena ia the line joining the centres ol 
iture of the faces. 11 one eorfacc is plane the principal axis is 
■ndicular to this face and passes through the centre ol cmatare 
e other. 

xrsNMiKT. — Usee » giaM eoawi I«P» oo the Hsrtt diso end ellow » 

icrof rayeto liUonitparelklmtlilheprioeipalaiie j thebcem n rcodcred 



Fio. t 00 .~T 7 pt* et i«n». 


rergtat and «« deal only *ith Oi« pnrs ivm the axis sh the Ttys 

ttt a puint V behisd tbolenetFig. 110, A) A ooutseleBs Motettht tap _ 



<A> (B) 

Pia. ItO (A end B).— Paeu^of I^shl Uiroogh • Lnt. 


diTrn?;e, but it Ibe etnprg'*iit reyt »Te prodocrd backirarda IbeT meet tt « 
nl F m treat of the Ions (Rg. IJO, B). 


M hen a number of rays fall on & lens parallel wsA the principal 
as tUy aie mile to Converge to or diverge ftoa a point; this 
Pf'f'lpsi l»c« and its distance from tbs lens la the local 
njlb ol the fens. With the nsual etgn convention the local length' 

! * convet JcM Is negative, that ol s concave lens is positive, all 
‘slanccsbcumaeasumllfointbelecis. The foc'al length U the same • 
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AITUCATIONS OF TJIB L.1WS OF RKFltACTIuN IW 
Optical Ceotra et t teni.— lift <XC' (Fi?. 112) l-e llie MOtrrs of 
ran-ftnre of the cif * tIooliWeonw* Iftii.CC’ th* pnnfipal aan. 
I>:*w iTofn C any radio* CP oi tl* jipMAiacd laer and from C' draw 
a rwfiui C'P' of lli« oiW faeo fianill'l lo CP. Q'P* I* a ray 
wl.irb Mtm tbe at 1” aad omcrjp* *t P in tl» dir*xu(m PQ. 
Kmoe ilo f*rrt at 1’. V' tro parallr] tlio ray pa**/-* throopb a* if tbf 
Im* «ne a aWl «>! flaw paratkt avica. tl\« uncrjnng ray la 
duplarcd aultvayi bat u panflrl to ila original dirrctioo. Let ca 
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fol U'» pvitiQfl of tl< piHPt O •brw tti« tay in tV Wp.a roU tla 
a»i*, Tlr« A‘* 01’'C'. t*IX.' ar* a-tsiUr, 
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m AnT incident ray "bi'b r»-»" ^ 

„if»«t ‘VL' ow2t .«. »> •'‘'« 

To find Ili«-iin“|c 

.ny point >»>.'* “ , |^g,. othti» nuT . 

pivt. one point nl <'•» "“' . PQ h .»PP“'i« 

“x,"iio.p .he «=«- ‘'“L riri™ '* r* 

..fSy on »e .id. "I “'Jj^iecnUeSn 

. .£rom the lens Eceatcr tbaa^ mTerted- ^ 

which aU three «J’,*^“^'raDdrays(«‘”'^S S?-' 
thcobjectbnearctthekMrtwn^ erect, and n^aS", {kn-c 
it is sem that the image « '^by*. concave 


Al’rUCATJOKS OF TiW. LAVTS OF HEnVACTlON 151 

^njofit# l’claU.--Tliedi»t«5e» cf t}>« inapr Iron tbe left* ran 
dirrctlf fwm the fonmila /or rrfriction at a ^jihfwal 
««, Iirt« ih* di/ttnrt of tleobji^t from the Im', ti and rj 
T»J« ol t\ittnate of the finl aad »«o6\i la«t ntjrttivtlj, ft 
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APPLICATIONS OP THE LAWS OF KEFKACTION 193 
fJu^-Q and = tie imageolao infiiuUly di&taat object is et 

the principal focua. ForamaBcf valnM of u, bat fluch that « >/, 
flu IS < 1, the denomioator b powtire and < 1, hence o >/8Da is 
negative, showng that ia the object tnovea towards the Una from 
the right the itaage moves fuetbec away to the left. When u =/, ».e. 
when the object is at F' (Pig. J13).*' = ~ oo or the taya leave the Jena 
patsllcl with the principal aws. If the object is neater to the lena 
tt^s F' u U less than ( and {[u > I. hence the denommatoe of the 
fraction is negative and e u positive, meaning that the image is qd 
the same aide of the lens aa the object and is thcKfote vixtnal. Foi 
values of tt only tlighUy amallet « ban/, v >s very great and U poaitive, 
but as the ohjeet apptoachce the fens the image moves in (he same 
direction and the two comodc ot the lens itself. It will be noticed 
that when the object passes F' tbs image moves xmmd Iron 
— WtO 4- 93 . 9 

The reciprocal of Ibe local length is called the power of a leas : 
tf/u given in metres the power ie given in diopton. Thne a Icni 
whose focal length is } metro bas a power 2 dioptete. 

Linear HagnlOeaQoD.— Biproasions for the linear magnification 
as defined on p. fS>0, can readily 1^ deduced from Fig. 113 a, 

To keep the signs consistent it must bo remembered that if PC 
(figure, o) b taken as posUve then P’Q’ most bo cozuider« 
negative wee it b drawn in ^ opposite dixectimi. In oider’b 
avoid coafuaion %e shall also find (toonvenient to put OF^o/' witl 
proper Hgn and SQl»Utnt« — /for thb in the final results, since /am 
' if' a« tfleasurod in oppoaito directions. In Fig. 113 c we ha'ro 
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ArrucATioNS of the mws 0F'REFraction''1d5 

larding this image as the object for the second lens, the distance ti 
he final image ffom the sjstem is given by 

V »' J, 



he focal lengths mnst be used with the« proper signs. The cqna* 
on tells ns that the power of the combmation is the tnm oi the 
owera oi the compooeots. 

Methods ot mearntinc (he Focal Lenglhs ot CoDfex Leases.— l«l 
ut^od, The lens is mounted on the opUcal bench and a teal image 
i the crosS'Wires ts foenssed on a screen which can he moved to and 
fo for this purpose. The distances from the leas o! imago and ohject 


nth the help oi a table of recipncals. If the same value of / is 
)btauied with diScrcnt ralues of u the correctness oi the equation 
is verified. , ' 


2nd method. The tmsge of o very distant object is focussed on a 
screen ; the distance between lens sjod ecreea is the focal length. 

3rd wetioi. It in the first method the vriies ate placed at the 
first local point the rays are paiaUcl after leaving the lens. Suppose ’ 
they then strihe a plane mirror at nearly normal incidence ; they 
^11 retrace their path and form an image near the cross-wires. 
Hence mount the lens facing the cross-wires and place behind it on 
another stand a piece of plane minor of good quality. Sfove the 
lens about until a cleat image ie obtained beside the cross-wires, the 
distance ot this from tbe l«u fa the fiwaV length. An image may be 
fotnied by bght lefieeted Irom the back lace of the lens, but this 
: may easily be distiognubed from the one sought for since it docse 

tot move when the minor is ulted. 
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jmagM can be (ouad aad not* bow mooli the lens has to be shifted 
to change from one to the other; /ran then be cakafaUd from the 
alxsve fannula. It the screen is bran^t nearer to the wires the 
distance b is diminished until aWa cciiaut postUoo only one itaage. 
the same size as the object, can be obtained* la this case b = Oand 
/= ajh It can be shown that the image iaffoW a* neat to the object 
as It 18 possible to get it, hence il tliis posiUem be fonnd experimentally 
tlse focal length 19 one-quartet oltKeduianee between witcsand screen. 

Gib metboJ. II the magmCcation and eitber o or u be tneasuicd 
the focal length can be loand from the second or third formuhe on 
p. 103. As thn imsge is inverted the magnification must be put 
negatiie. A slit exactly I cm. wide is used as the object, and the 
image is focussed on a mm. paper scale (com which the magnification 
IS read oH directly. The following vaiialion pres correct results 
even for thick lenses. Arrange that (ha nsgiuficatioa is unity, 
then, keeping the lens fixed, move the sbt and Ksle until sn imsgs 
II obtained tuiee, three times, etc., as large as tbs object. Note tbo 
distanco lUtough which the scale hat been moved from one imege 
to the next ; thu U tbs focal length. For, »itb proper sign. 



Of -/»/- r, 

Similarly when the msgoification is t«o 


suUractiog one equation Ijom the other 

/»=«s~v, 

7rt trirtbod. The lollowmg convenient method ol determining 
liie power of a lens is due to Prof. B. P. Thompson. The asms 
apparatus la used si in the bat methoil, bat tie scale is fixed one 
rnttre Iwm the kns and the slit » moved until a clear imsge U 
U < j i\ V b« « cms. long, then the power of the fens 

***« e^PKSviwn (p. 135) for the 

O'sjmikauan, putting v « 1 wu ge^ since the im.vge Is Inverted 
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ArPLICATIOSS OF THE LAWS OF REFRACTION 109 
ini method. Tte lens » pla«d «i» contact witli a convex lens ol 
OTlet iotns, the comtnnatiMk foima a convex kns wbote local 
agth F can la dctcimincd, *nd tlie rcqniretl focal length A can be 

ilculated from the equation 

Zrd method. The concave kns may replace B of Fig. 115 ; in 
lis case the beam la rendered more dive^ent and the final image la 
) the right ol P. The calenlation is the same as before. If the 
mcave lens \a glutted nnw! BP U equal to its focal length the emer- 
ent beam la parallel. This paralleUsai can be tested by either of 
be methods (C) or (4) of the last para^apb and BP>=/. Owing, 
owever, to optical defects it is difficult to get a well-defined 


mage. 

ilh ineihod. It a number ot convex lenses of known focal lengths 
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AtrUCATIOKS OF THE LWS OF REFRACTION SOI 

can b« calcnlaW. Tte lens nuj also be floated oa a small qaaatitj 
of mcrcory to increase tbe amount cf reflected lislit, a small card- 
board pointer is placed nbore it and ibis is moved al>out until it 
coincides with its own imago as tested by paralbi. This gives 
t( above. 

RelraeUTsl&der ol a Leas.* — When the radu of cnrvatarc and 
tbo focal length have been measured, the relractive index ol the 
material can be calculated from iLe equation — - )• 


■y - ...rrr. 


Tm 11$ —rath of r>*rs r<9<Tt<st (toa til* C>ct, Cbarrs F»«s 

«f a t/oa 



.1 eseRiacs «u the fteccding methods the lollowiag tsperissenfs 
t« instnetive. 

ExrisivnT.— Ijy • per* cl rJ*o« d rmr na the Cjnt uJ ilwa an it 4 . 
cerrs 1*0*. Purport • rudW^ iwinirr is 4 tUoii ttor* tba l*e 4n<i 
un It ap lal djan noli) 11 e<>.nni.l<ii vltb iU real iint{r j tka iSiklsaca Iron 
h» V> f^SaVi la til* i ir«$ trajnb /,. fTbls )* tiBiiiy 4 nn>!lit>''tlj>'iii ct tbn 
cl etnlWl, p. |V$1, t’.34 4 Ctv el watts Wlvnra \b« Itai mad su-ttct, tbSs 
>rin* 4 iJtno<one*T* 1 iju'4 tn» vlua* vpjwr I*p» fcu 4 rwlua cl terTmlare 
Ik* urn* *a tb* fua-rr f*c* rf U>« ^*a> Irtta. ttiwaaiv tb* loeil Imcth F 
•t ll* oomlaaatj la ly it* s>eM V'tboJ, tkm tb* tucal l«i;tb /, cl tb* l.$<uJ 

eoti* jirtB ly 1 « p — ^.IfjMw/jIakBcwo. 
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this face, it is also tie srirt ^ j^ thexclore p ^ fee*. 

passes through the lens lupoai^ radius 

.. s z nndase— A'S* 

lens equation - — ^ 


U. « J 


”s-w+/ 


here/ is to bo used with it» pmpcf 

lens is placed on the <>?»•«' **”7.1^1103; 






■fore iDrlinwl to tho horiionUl u I». «licre A «bows the epectniio 

ufca tij the 6r«t r"*® ® Artptodueed by the luo. The ditfctioo 

t t»y», b«t act theie c<iUn«. li eMered by the leconJ fruoi. 

IVe hayc epokcn of seTcn aiDcmit epectral colours, in reality 
■e are a mucli larger nomljcr; an artist would sec many more 
a eeven, while a person tthose colour lease is badly dereloped 
lid probably sec less. It »* known 
n physical optics that the wave- 
5l\i of the red rayi is nestly double 
t of lUe ewlet. Light of a 
inilc waTC-lrngth, and thereforo 
definite colour, is called njono* 

'oznatle. 

netompailtloD of White tight— 

ICO white tight is n mixturo of 
ours It ought to l>« possible to 
tilune different roloured rays «« as 
prtxluce white light. Tbit can lo 
00 m leversl ws)i 
U) Tig, 121 feprrients two ptirms, 
setiy slike, with their reSraeiing edges m opposite directions { . 
c dt«penion produced by the first is then just cancelled by the 
toad and tlie emergent I'eare is white. The artangement, in latt, 
tj like a parallel plate (p IWJend all the rays emerge parallel to 



Fm. I:I.— ]V'ei<m|MS>bao of tthito Uglit by |wo Tr^ina 


l-eir original direction*. If a |Hcee of cartlboard Is Leld between 
** ebstrocl some of the light the pauh is again 

The .p^tpom prolored by a prism may be thrown on to • 
“^r* 1 1 pUne tairtve Irea wV.irh' tb* 1 jht is refierted to ' 

AitBrnWrcIcoJouredpalcUtawseeawlachnayberasde 
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DISPERSION 

twice spectrum B. By properly clioogmg the prism tfngJes it 
ty bo arranged that either (1) N»c lengths of the spectra, » the 
gular dispersions, arc equal, or (2) the deviations of th® yellow 
y are equal. If two pnsnsa of different glass are made to fulfil 
ndition (1) and are then arranged as in Fig. 121, the di3p®»>oi^ of 
e first la cancelled by the second, but the deviations of the mean 
y do not cancel, t.e. the beam is donated without dispeisioJt- Such 
combinalion la called an aebtomatie ptlam. If instead tb®- ptistas 
ilfil ccnditvon (2), then, when placed as in F«g. 121, they ttot 
iviate the yellow ray, but the beam as a whole will be dispersed. 
Ins is the prmciple of the direct vision spectroscope; the two 
nsms are placed in a tube which camea a aht at one ®tid a 
isgnifying Uns at the other, when the slit is direct towards ® source 



cf light the spectrum can bo seen through the lens. This form of 
specltoMopo it more portable than that shown in Fig. 12^ hiit the 
dispersion it produces is less. 

QlsptnWn In Ltnsn.— As the Rimetiva index of a material varies 
with th* colour of the light, when white Ugh\ passes thioiish a lens 
dispersion will ‘take place and the differently coloured t»y* WiU be 
broogbt to different foci. The violet taya being the most refrangible 
their locos will ho ncarcat to the lens. Fig. J21 shows lb® path of 
the rays. PQ (figure J) shows the position at w hich a cafd muf t be 
held to obtain the brst-dclincd image. It a screen is field to the 
' tiRVitcl this point the outer edge of the image will be coloured red, 
! while fuHbet to the Wt it niU be vtohrt. - Tlicse colour rffocta are 
( ^“sUy Men at the ed-es of the field when a cheap bpcf» ehiM,ot 
' tcU-scope is used. For many insUnmints It is impoilant that" {hey 
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rHOSPHOBESCENCE AND FLDORESCKNCE 2 

We have already wen that heal deatroya phoaphorescenee ; i 
property can bo used to demotutiata the preseoce of the infra-i 
rays. 

EsmtvssT. — ^row an arc-li^t ipectmta on to Boms Dalrnajo'i pr 
vlucb has pranottdy bam inada pboaphorcaoent. tVhera the red and inJ 
red rayi the ts nora Tind (or a la* eecondti then dies avsy ; 
naein teraperatnie they prodoca oanaea a mora rapid emioioo of tbeprerioi 
tbaorbed cnerQi. 


I{ a sfhak aotutioa of eosiae is eseposed to light the path of i 
rays can be traced thnmgb the whole vessel, but ss more eosini 
added the Quoresoence is oonceotrated at the side where the 2i) 
enters, fhis u due to the strong ■ , . , 

absorption of thescuve rays by 

the solution, all the violet light is U oit. 

stopped within a short distance of ^ 
the inrlsce. If the trensnutted , 
light is thrown into a spectruni 
it will be (onnd that the violet 
end is missing. The energy of 
the rays is absorbed end trans- Method ol 

.ortoed into the ttooceeceut fight. Detecting aotwccoea. 


' Stokes' Betbod ol Detecting Flnerescenee. — When the Quoresee 

is weak it may be masked by the dazzling eSect of the exciting bci 
Stokn overcame this ^fikuUy by makios use of the fact that 
Qoorescent light was more refrangible than that which ceased 
The substance to be examined was placed at C (Fig. 126) in a 
blackened on the inside and pierced with apertures at A and B. 
was covered «ntb two sheets of glass, one dark blue, the other gr 
'these stopped aD the red, yeUow, and green light coaung froi 
SQurca plMod just ootside. B wa» coveted with a yellow eci 
S. vihich did not trannut blue or violet bght. Suppose the subsli 
\ at C did not fluoresce, the bine light which entered at A was stop 
"J seteen at B and an eye placed neat the latter received 

f *‘Shl> thus the anbstance was invisible. If, however, there 
^ ; flQorescence the bitte light woa transfonaed into green, and 
. -j could pass through tho yeUaw glass, making the object visible.' 

' ®**?®twl'sPh(«phofoscop«,— Uthep'hosphorescentrighleiiu 

V by a substance disaonears in a aman fmelmn of a KecAiid after 
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asity of iHumbation at tie poiaL To render tlio definition o{ 
Tnlue it must bo made clear in what units Q is to be measured, 
unit of light IS the amoimt that faffs on a screen 1 sq. cm. in 
I held perpendicular to the rays coming from a standard candle 
led I cm. STcay. Standard candles are made from sperm, 
y weigh 6is to the pound andahould bum at the rate of 120 grains 
hour. Such a standard cannot ba regulated easily and ^ nn- 
isfactory for other reawms ; A is now replaced for practical put* 
;es by atlamp, called the llelner tamp, which bums amyl acetate, 
e Qame of this U adjusted to a fixed height and the amount of 
lit it then emits has been carefully compared with that given out 
8 standard camUe. When n screen is placed at a distance of 
:m from a standard candle, so that the ligfit falls on it normally, 
inteusity of illumination la unity. 

lUumlnitlQg paver «t ^ tonroa la the ratio of the quantity cf 



rw. tw. 


^ It It emits to the quantity emitted in the same time by a standard 
idle. Letasmallscrecabebcldataom distance from a standard 
^ die BO that the light falls on it normally, its intensity of illnmma- 
( j I is nnity; the illumination will become two if we add another 
" die to the fit3t,to three it three candles arc used, and eoou. IleBcc 
iUnmioating power of a aouiee is meaMued by the inteuaity of 
^ tuMtioa it produces oo a small Bcreea T tto. oway when the 
, It ia incident normally. Tha uiut of illuminating power is the 
audard candle. An rncandcscent gas mantle when new has an 
lemiuoting power equal to abont »xty candles. 

The illamlnalion ol a screen varies with the angle at which the l 
IS incident. Thus Wt BC (Fig. 123) be a small screen which U { 
\ iriagtsch second ft quantity cl light Q from the source P ; turn! 

V tod its mid-point through an angle 0 to the position B'C' where ' 



at the Sams hciglit as the dit which fa tamed towards them. Two 
tangular patches oi light ate seen on the lissne paper ; by moving 
e of the sources »t can he arranged that these patches are m contact 
d equaDy bright. (It is loond easier to jnSge oi this equably 
len they are in contact) Then A leceivea light liom Q only 
d B IB lighted by P alone, hence 

^_QA* 

Ip^PB* 

Rnmlori’s Photometer.— Another method, which is practically a 
tvcrsal of the one lusk described, fa here osed to get the two patches, 
a Iront oi a while teteen fa placed an opaque tod C (Fig. 131), P 



‘ P 

Tio. i3t;— Batatoid'a PhototoHet. 


tuJ Q'cepresent the sources ot tight. Two shadows of the tod ate 
cast on the lueeo and,' as the figure ebowa, A receives light {tom P 
atone and B from Q alone. One souiecis moved until the shadows 
arc in contact and ate equally dark.'tken the ihnmination of A is 
Ij/l’A*, while that of B fa Iq/QB*, »• 

Ig^QB* 




Bansen's Crease-spot Photometer.— In some form or other this is 
the one most frequently used, / 

*' BxrraiuiST.— Run • drop o( caniUe about tb« um q{ atbiUing oq 
# 11 1 1^'?* pupfr (ad vheaUhaaKt teonre loott ctit with & Laitc. 

' '.v P*F*t llK tya (od a window; tbo greasc-rpot is brighter 

' B 1e I beesas* It inwnuts •wue light. It it 5» newed trom the 

^ *^'^*“heLght iseonttngthaptaae tpot isdnrlcer'ban thoouround- 

f ** '* kraoiniiU sum light th»a its nuToaodings tier* is lest 

"’•“t Iw difirndy roflixted ha She QW. 


- wont 

” ,o.„» n 

"s-S'S'ib'iKfes?' 

•■■-"2ssi*.-ir?.r-"-;;S!i! 

dislaDces Uo» --»^Q 



e iUiumnation due \*» «•«».. 


^roin 
iourcc 
R, the 



)C at th<3 same Lcight aa tbo elit arhicli fc turned towards them. Two 
cctangidar patchea of light *re awa oa the tuane paper ; by moving 
me of the Soatcca it can be arranged that theae patches are m contact 
md cqnaUy bright. (It is lonnd easier to judge oi this equably 
tUy w«. ia. cdnlaet^ Then A receives li^ht torn Q only 
and B is bglitci by f alone, hence 

^_QAS 

Jp~PB* 

Romford’s Photo®eter.— Another method, which is practically a 
reversal of the one jdet desenhed, is here used to get the two patches. 
In front of a white ia placed an opsqnc rod C (Fig. 131), ? 



od Q'tepresent the sourcee of light. Two shadows oi the tod are 
ast on screen find,' as the figure shows, A icceiveB light from F 
done and B from <3 alone. Coe eoorco is moved until the eliadows 
lie in contact and ere equally dark, then the illnmination of A is 
tp/TA*, while that of B is Iq/QB*, •- 


hence 


Ig'QCi 


Sonsea’s Cieast-spot Photometer.— In some form or other this is 
the (me frequently used. < 

i, r.fin » i}p»p of ciuidle pe«M about the «se o{ aCbdling oo 

■n ®^'er P“Pe' ‘“d wbeaH bu art lemore mwt otit with a tnife. 

r' ^ ^ V 1^1” brtweeB thfi eys ina a window ; tbs greose.«pot is brighter 
, ^a’^i "“’Vi'ler b«»u«e it (mmdto more light. 11 it is neirej Iron Ike 
ae irom wtirh the bgbl U eemms the gresac spot is darker 'h»n tbo mrtoaad- 
. 1"! s* 1* iruismjU not* Igbt tjun its lurroundincs there if less 

^i'*“'*'‘‘*®Sh»b«4ji!'B»riyre6*the4lotbe«j«. ■ 
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examples oh CnAFI^^V^® ,1 
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. -JiCcrcDt »o8»« t'y * ^ ^ ® 
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2. A 10 c p. lamp ia placet] 1 nttni bona o nirtscs. At nbat disUDCM 
must ga» Oamoa of 14 »ad IS c p- re*peelj»rfy ba placed ao as to pcodnco an 

lUuoimUion gt tie sarfioe f (I* "Ol) 

3. Tero lamps A and B are placed M ana. and SO cma, reipcctaTel? bom a 
Bunsen pbotometer and it la found tbat &e greaac-apot disappears, Find tbe 
ratio of tbe candle powers tVben aabeetof glaas is interposed between lamp 
Band the photometer it la found that, to prodoca a balance, thii lamp must be 
displaced 10 cma. Fiodvbat prreenta^ot the incident tight it reflected by 
tbe 

4. Light bora a 32 c p larap laBs on a dTend nurtor and la reflected thence 
to a greaso-spot photometer. The distance from lamp to acreen (id the rairror 
la ISO cat. If the mirror reflccta 00 per cent of tbe bght falling on it where 
must an 8 ep lamp bo placed in order that the gteaae,epot ahall diaeppear t 
5 Two lampa of 8 and 32 s-p. are fl»d iiO cma apart. Where, on tbs 
line jmning them, aust a icmn be placed to aa to be eqoaUy fllntainated 
' by ewhl 
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jectmg leas and the screen. F«g. IS4 shows bow, by reflexion. 

lelaiwe positions o! the rays are inverted, resulting ia tho 
[nation of an upright image. 

The Sextant.— This is an iiatiuTnent wbieh is used to measure tbe’J 
de eutrtended at the eye by two distant objects. It is used by 
loTs to determine the sun’s altitude, the angle wUieb the line 



Fto. 1$3.— Opticsl Laafena. 


;oiiig from the observer to the auo-maVes with the horizontal ; this 
I used in caloulating their peution when out of sight of land. A6 
¥ig. 135) is a graduated arc of a circle whose centre is C. A movable 
‘odius carries a vernier at D 
lod a emaU vertical muior 
St C. A second vertical 
tiunoi whose lower half only 
U silvered is fined at E, and 



St T is a telescope. lyhen Fw. ISt.—ErretinsrMm. 

the mircoTS ate nearly paralkl ■ • ' 

f suppose tbo telescope to be directed to some distant oWeet 8uc\a3 a 
(Star. Aray FE comes thimigb the unsilvered part of% and enters 
Jthe telescope, while a parallel lay OQ is reflected _fioin C to E and 
f thence also to the telescope. Two images are thus seen and these will 
I * mirrors are made exactly parallel. The vernier D 

^/should then stand at the scale uio at B ; iiit docs not a small correc- 
^ttwn anst be made in sabseqaen) readings. Next ict it be required 
ji'W neaMta the angle sabt«id«i at the observer by two objects 
. tttatwl along G\l and EP lespectively. That alonp EE ’» viewed 
tnioBcii P, atiA ♦x. — _ nn • 




,„ ,. . j-.. .« t-M v; .v;*^ ^Ti 

t!.* -f *'tr-"# <•- w liJ Vl 

f,,.., , ... .I...'; «■' •>' ; X W"' • "iS 

front Pf tf- 'Jf. •' Vr ^ 

.pp*»ftol^«<m.. d..UDt.of“8-brt 




, P_"0C=:S.«»’*‘' 

i.f. the range in*te*d of bf«cg . , 

to infiaity. * of 

lofeti ol tbo ko. i. WO l.rg« “'iP'.'r'^ioook!”? 

J^Qil the letino. Conseqaentlj- „ ot doO® 

must oluaya be iu use oiul the lesst * neccih t 

, (teeter theo 33 cos. It »oolx.eoiiee^” JJ, „ b 

-aropetly focussed with^e rfe »t rest. * ^S-.pposCi^ 
with the purpose forwhich they we requir^ 

■ that the least disUncs of distiact TUJon a 

converging to a point 20 cm*, behind the ouiP«^ 

^^■ith relaxed aecommodatioa. Then for reading p 

of distinct vision must be made normal. _ 


OPnCAIi INSTltUJli-JWXti 

:k pat&Uel taya mut be clearly focussed with the eye at rest. In 
first case il an object k 25 csns. distant its image must appear 
cms. away on the same of tlm lens, i.e. p=» 40, w = 25, 

. JL i-_I 

•‘40 ”25“/ 

J /*= — 66 ctM. 

a convex Una of 66 cms. focal length is requited. 

For outdoor work parallel rays must be made to converge to a 
uit2ClcBia. behind the eye, i-«. aooavei lens for wliioli/» 20 cms. 
required. With increasing age the accommodatisg mechanism 
comes imperfect and the focal length of the eye lens cannot he 
Ured euSciently to allow of near objects being sharply focussed. 
US defect is called yresbyojik. For example, suppose the aeanst 
stance of distinct vision u 40 cms. ; for reading pniposes this has 
' be reduced to the ootmal, and, from the example above, It is seen 
Lat a convex Una of 66 cms. focal length is required. , 

(3) dsii^mclUm. — In tome eyes the entfaces oi the cornea or the 
De do not form parts of spheres, generally a vertical seotion shows 
stronger curvature than a horiuntal one. In such cases horizontal 
od vertical Uses ate brought to a focus at diilccent distances 
nd the eye is said to bo astigmatic. The necessary correction is 
ibtained by the use oi lenses which are portions oi cylinders. 

In some cases the defect may not be the same for both eyca 
ind different lenees niDEt be employed. 

Magoltyiog Power.~-Our estimataof the size of an object depends 
cot only on its actnal dimenslona but also on its distance. Per- 
jpccUve is based on this fact. Thus the metala of a railway appear 
to approach each other as they recede in the distance, the moon 
appears to bo as large as the eun although it is known to be much 
smaller, and the height of a distant church spire increases relatively 
to ounrivea aa we get nearer to H. In each case we base ovu estimate 
on the angle that the body anbtends at the eye. In most cases we 
nntoiijcionsly correct onr estimate by znaljug aljoiraoce lot the 
distance factor; when this is impossible or difficult our judgment 
be far from the trath; for example, in the esse of the aim an^ 
mTOn just mentioned, ox ia a landzuum’s estimate of the length of i 
£®>ilar^-»li«i wo vkw an object through a telescop< 
1^ 'taage may appear greatly arngnified, although calculation maj 



>naaH7. relMtt# iV* patii to S. Bopjio*e aexl tlial Use minot QP 
rotatinp:. ^Ybile the Kghl U gfl'ng from O lo if »nil Uck again , 
if mirror turns through a imall »ogIe $ into the ro«ition OP'. 




Tia. 119.— FwasavH'e MstbtMl of mauunng liis Teloeit/ of light. 

y» are now reflected along OS' and the image of the aht 
at 8', 

Also ^E0g'=(=2tf<p. Mi) 


oa 


i^EB by measuring the** two dieUoces 
«e tim« taken by light to tcavel from O 
of rerolotian ot U« mi- 
• TbeaV=!20M/L ’*• 
tike* to* 


can be found. Lei ( be 
• ‘ ’ again,'! the 




Ute « It* wro iostant 

il IS pawing tiiroosb itt tofan 0 d'tct* 

t tins laomfnt tbe r*t>m» OV is crowing OV. Alter u tunc t 
lies an angle 0 witA 0\‘ ; tW« angle i» calM tic rh»» ol llie 
ion. !■ is called lie generating point and tie circle AVU tie 
itiog circle. In a time T the point P moves round the circle, 
a dwtanee 2ira. hence 

Sira = eT (1) 

■tcule the angle thfooglisrhicli the radmsO? revolves in 1 sec , 
s called the anpiUr vriocitf «( 1'. In a time T the radius 



Fu>. 1$0 — SlDp1« lUrmTaio llitloo. 


IS throngh an at^le <i»T, bat tb» is the angle dwciibed in one 


L^kte revolatioa, 



berefore 

«T = 2w . , . , . 


im (Hand (2) 


. . . . (3) 


wequt.iion pvea an important relation between the linear velocity 
P end its angulst velocity nrand 0. ' - 

It » ahowD in bonla <m mechaalcs that the acceleration of 
w diterted towards 0 ftnd is equal to O/a. To find the 
wwation ot M we Lava to resolve the acceleration ot P‘ 
ong OA. Hence the aceelentioa / of H is directed towards O ; 
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laoTf* ,„v -- 

U pi«n bj y *• <* i' jt fjota lU — . 

the .mpniQd. o( the ,i„,e 

aieeondr>«»* a c*lW the fc»® 

r ; the wRie a = VOr a p.,pe..d 

The displacement of M , »“« 

P-OY 


&!MrLE IIARMUSIC Jiuuu.x 
nee ibt tflwUy ot U U tcotO, or. in tom* ol «lie 
Mi<i Tctoeity, 

T»l ot M •* ***• 

t* 

Ttl. ol M *= — ■** ..../• (^1 

ipwMW M'H tut M i» * nuw<r«j particle ol luna* m ; *mcc ill 
etMion is towafxU O there miut be # force V acting or®” 
ag to bring it bark to tb'ii [>oiot, and f «= maM X arttlcratjon 
afit. The potenual rtcigy c! ibt pattifle m any fosilmn u 
coik done agsinsl tbi* force ol tMtvtotioti- At A tt ti women- 
yatttat and all vt* energy i*Vot«nual; Ut ei cakuJaM the 
gy at thii iaitant The force t* proportion#) to the diepUceincnl 
cfore the arerage lorte ia that which acts rrhco the dirpiiKffleal 
% 

Bat F ■■ muft 

A aTcrage forte »» nuA^ 

. the dirplacemeot at A i* o. 

> . wotk done iQ displacing M frets 0 to A 

= attrage {orce X total dispUtcmeot 

es X « 

= |»Kl»V 

Tins 5 » the potential energy at A. At 0 all the energy is kmell 
A wuit taee the ealne joat given. Tha follows also directly, fi 
kinetic energy at Q ss Jm X vcl.* 
id the velocity atOiseqnal to tie ycloeity o! P, r.e. is nxi. We g 
18 esmaiesaU by pni^*«,oin EqnsliDn jc), then 
(velocity)* = co*a» 

. .‘.kinetic energy at 0»ima<*a* 
his ieBolt shaws that the energy ol the vlbse^ng particlf a pi 
Klienel to the aqaaro o! the ampliladc. It should be iwl iced th 
W«fhepcik)d»iaaci>cndciit of the ompliludc. 
l5rijWtal RtarssmtUtlAn «* • « n ar Ti j. .. . _ 




E innr in»imam aiKpiMoments ki me tK^inning oi mo iime o 
mt'ion. It u elctr tint tbe tcfultent t« no longor »imp) 
Qonie, md iK&t it kltetoatet iKiveen rektivcl; vetj large ani 
’ (nail anplitades. At tbe bepnmng, elits tlic two have tbi 
i pbsv, tbe rreultant is large, but Kbta (be quicker bu madi 
ibretions tbe ilower boe mode ootf 2 nod (he phasoa are exnctlj 
eite; (be muUant at tbit iostaDt ia (UeK(on envall. Wbeo 
luirim bat made & nbrations the elover has mails 4, the phuce 
igain equal and the maltant is large. It is evident that the 





Fw. tSS — ttoiDiemtioa el Two ReeUnpjtsr S.ll.IL't. ■ 

lUm displacement occurs every fourth vibration of the dower 
Thu result viBI be eseful Uter. 

itlUnt or Two at High! Angles to each otber^Tbe 

i of finding the rcsalt&otiiteaeh cases will bo best understood 
“ **a®ple. Draw two genwating circles P and P' as in Fig. 
Ih theij radii proportional to the amplitodca of tbe motions, 
suppose the frequnicy of P* ia twice that of P. Draw two 
*« XX', YY', at right aogica to each other and drop.tho' 
diculam pif, PU. The points U and N then pc ' ^ 
Divide the cueumfereDces into a number of eq - y‘_' 

I them as b tbe figure, and draw lines through li ' . 



ttie boot itsctt ja moving pamiei to tais line vrith i SJI-M. cl J 
same period but of different amplitude aed phase. The ael«sl « 
pfacemeat of M is the resultant of the two motions. This 
ment can be obtained graphieaHy. I/Ct tbo thin curve in 1 
represent the displacement of XJ at different times if the boot 
at rest, and let the dotted cotre represent the disphaceracctM*- 
book alone at conesponding instants. In drawing the figuK ** 

been supposed that the ?«-' 

of tha second inoiics • 
ewctlfa quarter oUf^’* 
in adraticeof the first- 
at the instant rerK«a;«’’| 
AiiMalnnawereinociW 
dispUeeoent «ouhl h<*J 
white if the hoci 
ing snd Mwereet 

the dispUecmcBl 
AC. lienee an on* 

An = AI)+AC nr^, 
the actual displaeement. ami simihirl/ at »ny 
the disnUrement el M »» the algrbraie »ua of tho * 




of tnti ctffve* The thii 1. rutte r’pfi'sctit* the 
jlvem/-nt nirr* nfftjiocil m thw in««inef. It l» 

cf t»o H n M.’* i»l equal in the ^ ' 

t* ir'et' » iiuipl- tarm»n>a inot*"i» Tt.» same Ty’*'' 
if th« pctii-U ftf» unequal. Fi.{ l.'l irpreers'* (■■ 
tU'j ,s {{ tl '* ff fluffs are ceS j ( , ili«> doti'd * 


6 ] 



V nt, tic figlt- to tie insunts *1 

y lostont 19 a'= ,. positions ol w® 6 . miestion « ® 

Jougl tie con“po^'“" P ^ is »» i 

^poso r 13 St 1 w basarriT^ st - »» VV'licnT'r®^'' 

i r- to toes ttotob ffl 

,e inteiscction oi . • -t-BsSndfioo®- ^.-c b«'^ 

' » »' ^ “Vi' vsi '»"« .» fis. i» tos 

toe pstl. «' to I”“‘- 


,„TOlved tooo^'toM 

ie«e Cgmes can ® jescnbcd. . ft. lo®' 

bid only t^o need ^ ^ oH t ^ j 

; Bladlutn-s ^ » fixed I®"? "“S : tl^* 


SIMPLE 

motions are combined ■ thdr ““f **‘®“ 

»»»S lie clip /!? l» eijuiW 

■5 fae. dey, .La i. “• ”?““ le "If m.d hj 

«< we. pheed iLSiZ L,ot “ •“ •“, » ■ 

e to keep He leigU of tk. cil™ !( ''*'1 

■ “H™ tl. penedf Zm v.‘y! 
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“ ^g- 158, 60 tlrt'one^ n"^* “® aapportcil 

«n a Tertical plane *' Each “• “ ^”“0“tal a 


.u a TerUcal plane r.pK I • . 

of plane mirrw Li.7^ ^ ‘‘ e 

'««a falla on hole Cm a cat 

^ ‘I'e eye. if the ‘hT “'"v ‘‘ “ ^ «' 

“«» mto a Tertieai kI^!. ^ ‘l>e spot of bght 

'Vi.en S rl"’ •.* A only i, in motion the L 
ahiotd. oscillating togetlier the two S.irUT 


“Wed. The figure, together the two S.IUI 


PWed bet«L^'^n.^ir”‘*^r 

‘be enrres a^ « produced opUeally in s 

portant appllcatton m the eomparisoa of 
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